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USAFSAM REVIEW AND ANALYSIS OF

RADIOFREQUhNCY RADIATION BIOEFFECTS LITERATURE

INTRODUCTION

The objectives of this project are to acquire, review, and
analyze, on an ongoing basis, information on research pertaining
to the biological effects of radiofrequency radiation (RFR), and
to provide periodic technical reports of our findings and assess-
ments to the USAF School of Aerospace Medicine (USAFSAM) in speci-
fied formats.

The first interim technical report is for the period from
1 March through 31 August 1980.

METHODOLOGY

Thousands of scientific papers, reports, books, summaries,
and abstracts (referred to collectively as "documents") have been
published on the bioeffects of RFR and related fields. References
to most of these documents are readily available through the
various abstracting services. Therefore, needless duplication of
such servic-es will be avoided. Instead, the approach being
pursued in this project is to: (1) select documents that are, in
our judgment, representative of prior and current research on
various RFR-bioeffects topics, (2) analyze in detail the contents
of each such document, (3) assess the validity and the signifi-
cance of the results presented, and (4) summarize periodically

*the current status of research on each major topic.

The intent is to prepare the analysis of each document in a
format that permits easy storage of the information in a computer
at USAFSAM and retrieval of each entire analysis by means of any of
several coded designators, e.g., by major topic, frequency, modu-
lation (pulsed or CW), species, etc. Thus, it will be possible
to use any specific designator code to search for and retrieve
all of the analyses pertinent to that designator. At present, the
text of each analysis is being prepared and submitted to USAFSAM
in an optical character recognition (OCR-B) font, to permit direct
storage of the information without retyping. The software for
subsequent retrieval is being developed by USAFSAM.

A list of the major topics under study (selec-ed by agreement
with USAFSAM) is shown in Figure 1. The numerical designator
preceding each topic was assigned arbitrarily for coding purposes.
Some topics include more specific subheadings as appropriate.
For example, the "RFR auditory eftect" is a subheadinq of "Nervous
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1 Epidemiologic
2 Mutagenic and cytogenetic
3 Teratogenic and developmental abnormalities
4 Ocular
5 Nervous system
6 Behavioral
7 Endocrinological
8 Immunological
9 Biochemical/physiological

10 Cellular
11 Mechanisms of interaction
12 Environmental
13 Medical applications
14 Review
15 Ecological
16 Physical methods/dosimetry
17 Other
18 Drug interactions

Figure 1. Type of study.

Authors:
Title:
ISSN and citation:

Study type: (code and topic; in vivo/in vitro; species)
Effect type:
Frequency/wavelength:
Modulation:
Power densities:
SAR:
Exposure conditions:
Author abstract or reviewer summary:
Other information:
Initial or final critique:
References:

Figure 2. Outline form for analyses.
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system." However, assignment of numericat designators for such
subheadings is not contemplated at present.

The basic outline form being used for analyzing each document
is shown in Figure 2. The authors, title, and publication cita-
t ions are given in one of the formats commonly used. In addition,
it an International Standard Serial Number (ISSN) has been
assigned to the document and is available, it is included with the
citation. However, it should be noted that the manner in which
TSSNs are assigned varies with the publication. To illustrate
this point, the paper by 0. P. Gandhi, "State of the Knowledge for
Electromagnetic Absorbed Dose in Man and Animals," Proc. IEEE,
Vol. 68, No. 1, pp. 24-32 (Jan 1980), has been assigned the ISSN
0018-9219/80/0100-0024, in which the first eight digits represent
the journal and the next two the year of the issue. The next
four digits represent the number or month of the issue and the
last four the first page of the paper. Similarly, the paper by
A. W. Guy et al., "Circularly Polarized 2450-MHz Waveguide System
for Chronic Exposure of Small Animals to Microwaves," Radio Sci.,
Vol. 14, No. 6S, pp. 63-74 (Nov-Dec 1979), has been assigned the
ISSN 0048-6604/79/1112-S010, in which the first ten digits have
the same meaning as before. However, the next four represent the
months rather than the issue number, and the last group of four
symbols indicates that the issue is a supplemental one and that
the paper is the tenth one in the issue (rather than the first
page of the paper).

For each document under review, one or more pertinent major
topics, preceded by their numerical designators (from Figure 1)
are listed under "Study type." All important relevant topics are
included to ensure retrieval under any one of them. If a sub-
heading is appropriate, it is also shown, e.g., (5) Nervous system
(calcium efflux). In addition, whether an experimental investiga-
tion was performed in vivo or in vitro and the species studied
are also shown under this heading.

The specific effects, phenomena, biological endpoints, or
other characteristics sought or studied are listed under "Effect
type," e.g., "thresholds for auditory perception of RFR." The
next four headings are self-explanatory. Information such as
duration of RFR exposure, type of exposure facility, RFR charac-
teristics, and other pertinent data is given under "Exposure
conditions."

The analysis per se beoins with a verbatim reproduction of
the abstract provided by the authors if the document includes one,
and we use the heading "Author abstract" to indicate this fact.
Under "Other information," we then summarize any important infor-
mation in the text of the document that was not included in the
abstract, and cite previous work by the authors or research by
others on the same topics, if pertinent, but without commenting
on such information. If the document does not contain an abstract,
then we summarize its important contents in detail without comment,

IF



and we indicate this tact by using the heading "Reviewer sumnmary."
Any pertinent information not appropriate for the summuary is cqiven
under "Other information."

If the document contains sufficient information to permit it,
a detailed critique of its contents is given under the heading
"Final critique." To the extent possible or appropriate, our cri-
tique includes analysis and evaluation of: the data presented,
the biological and engineering methodology used, the validity of
the results, how the findings compare with those of other investi-
gations, and the significance of the findings with respect to the
health of humans (and/or other species) exposed to RFR. If the
document contains information of sufficient importance to merit
review, but lacks basic information needed to perform an adequate
critique, then we so state and use the heading "Initial critique,"
with a view toward seeking or awaiting the additional information
necessary for a final critique.

If we allude to any other documents as part of our analysis,
then these are listed under "References." Complete analyses (in
OCR-B font) of various papers, illustrative of this methodology,
are contained in the Appendix to this report.

PROGRESS DURING THE FIRST HALF YEAR

The early part of the period was devoted primarily to the
development of a suitable format and procedure for performing
document analyses and storing them in the USAFSAM computer. These
efforts led to the adoption of the outline form shown in Figure 2
and to the use of OCR-B font in the preparation of final copies of
the analyses. After completing a group of analyses, they are typed
into our word processor, proof copies are obtained and corrections
entered, and final copies in OCR-B font are produced for delivery
to the USAFSAM.

Concurrent with the development of methodology, we began to
acquire recently published documents not already in our possession
and to perform analyses on selected documents. In view of the
large number of documents already available at SRI, we decided
that it would be most productive to prepare an initial base of
analyses in each major topic by selecting and analyzing already
published journal articles, which, in our judgment, yielded sig-
nificant positive or negative findings in that topic or were
otherwise seminal.

By the end of the period, we had performed a total of 60 com-
plete analyses, of which '43 were in final format (OCR-B font) and
were delivered to the USAPSAM on 18 September 1980 for comment and/
or storage in the USAFSAM computer. The remaining 17 were in writ-
ten form awaiting typing into our word processor, and 6 of these
have since been processed. our work schedule did not permit us to
start analyses of documents pertaining to all of the major topics,
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so we defe rred starting those havini, in our jud(igment, relatively
low priority. We expect to ('omId[ ut e tho initial base of analys(s
early in th( second hal t )f thoe year. When w(- do, our intent is
to augment the information on tach topic on an ongjoing basis by
selecting and analyzing publications, reports, books, abstracts,
and presentations that are more recent than those included in th(.
initial base.

The 49 analyses completed thus far in final format are listed
and included under their respective topics in th(o Appendix.
Analyses of documents pertaining to more than one topic are listed
under all appropriate topics but are not duplicated. Instead,
reference is made to the topic under which the analysis is included.

We have also begun preparing brief collective summaries of
the state of knowledge of each major topic. We will complete these
summaries by the end of the second half year, based on the analy-ses
performed by then and on our prior and current knowledge of studies
not analyzed in the prescribed format. To illustrate the format
of such summaries, we have also included the. summary completed On
Epidemiology in the Appendix (preceding the analys,s under that
topic)

f

PLANS FOR THE SECOND hiALE YiAR

We will complete the initial base ol an.h; as earl in the
second half of the year while concurreotyi' contii in to <conire
recent documents.

We will continue to perform det iled anal \'.-,-3 e:- import a: t
publications, reports, hooks, aist racts, and presentations
to augment the initial base durin the remain(der cf the period, and-
will assess and summarize the then state of knowledge 0n each topic.

We will attend important symposia and other meetings devoted
to the bioeffects of RFR to the extent permitted by available
funds. (Messrs. Heynick and Krebs attended the Second Annual

Meeting of the Bioelectromagnetics Society in San Antonio, Texas,
14-18 September 1980.)
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APPENDIX

ANALYSES OF MAJOR RFR-BICEFFECTS TOPICS PERFORMED
DURING FIRST HALF YEAR AND SAMPLE COLLECTIVE SUMMARY

(1) EPIDEMIOLOGIC

Retrospective epidemiologic studies have been carried out to

ascertain whether one or more health-related conditions could be

associated statistically with chronic exposure to RFR. Although

the exposures involved could not be defined well in terms of RFR

characteristics or exposure durations, the studies do provide

almost the only direction information available on possible effects

on humans of RFR exposure.

To date, we completed analyses of 12 representative epidemi-

ologic studies exclusive of those dealing primarily with RFR cata-

ractogenesis (which are included separately under "Ocular"). These

12 studies are assessed individually and collectively below,

followed by the analyses of each per se.

Collective Summary

In Lilienfeld et al. (1978), the purported effects of irradi-

ation of the U.S. Embassy in Moscow were studied by comparing the

health of U.S. personnel and dependents assigned to that embassy

with those assigned to other Eastern European embassies. They

found no convincing evidence that such RFR exposure (up to 18
2W/cm maximum average power density) affected the health status

of those at the Moscow embassy. Although there were several

limitations in the study, which were recognized by the investiga-

tors, we believe that their findings of no RFR-related increases

in mortality or morbidity are valid.

Sigler et al. (1965), in studying 216 cases of Down's syn-

drome (Mongolism) and matched controls in Baltimore, found an

association between the occurrence of this malady and the presumed
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exposure ot t hL, tathers to RF trom rada s. In a lat r study by

Cohen et a 1. 1977) , the origIinal data of '.; iler et al . w.rt. r -ex-

a 1mined together with data on 128 additional matched case-curit ro

pairs. They found no statistically significant differences ii the

occurrence of Mon(ulo ism among progeny of I athut s who we ret probably

exposed to RFR and those who were probably riot , and it seems I ik(ei

that the pos it ive f ind ing in the originl study was a st it I st rcal

anomaly. However, the difficulties in determining ditferences i r

RFR exposure between case and control fathers by military records

and interviews renders the validity of these studies inconclusive.

Robinette and Silverman (1977) compared mortality and mor-

bidity data for about 20,000 Naval veterans of the Korean war who

were assumed to have been occupationally exposed to RFR on the

basis of their military occupational titles with about 21,000

veterans assumed to have not been occupationally exposed. They

found several statistically significant mortality differences

between the two groups, but indicated that these differences could

not be interpreted as being a direct result of RFR exposure. No

results on morbidity were given. The two groups compared in this

study are adequate in size for statistical treatment but should be

characterized as a high-exposure and a low-exposure group, which

vitiates the conclusions to some extent. Nevertheless, the find-

ings indicate that the high-exposure group did not suffer higher

mortality because of RFR exposure, and that the death rates for

both groups were lower than those for the comparable age groups in

the U.S. population at large.

In a study by Peacock et al. (1971) birth certificates filed

during 1969-1970 from Dale and Coffee Counties, Alabama, in which

Fort Rucker is located, showed a larger number of clubfoot cases

than the expected statewide incidence, and a more detailed study

of this and other congenital anomalies in the six counties sur-

rounding Fort Rucker showed higher incidences among offspring of

rioi itary personnel than for the state as a whole. Burdeshaw and

Schaffer (1977) examined the Alabama anomaly data for 1968-1972

in detail, using more appropriate statistical treatments and

14
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information on 46 Alabama hospital characteristics and reporting

procedures. Most of their findings indicate that the anomaly inci-

dence rate in the Fort Rucker area is not unusually high, but that

osL ut Lhe counties having anomaly rates in the upper quartile

were in a contiguous band, indicating the existence of a geo-

graphically distributed anomaly problem. On an overall basis,

they stated that it could not be concluded that an unusually large

number of infants having congenital anomalies were born to mili-

tary personnel at Fort Rucker or to other residents in its vicinity.

We believe that the geographically distributed birth anomaly prob-

lem in Alabama may be due to other factors than exposure to RFR.

Siekierzynski (1974) compared the health status and fitness

for work of 507 persons in Poland occupationally exposed to pulsed
2RFR exceeding 0.2 mW/cm 2 average power density (other RFR charac-

teristics not specified) with a group of 334 workers at the same
2installations exposed to less than 0.2 mW/cm 2
. Clinical tests

included ophthalmoscopic examination and a neurologic check-up

supplemented by psychologic tests and EEG recordings. No sta-

tistically significant differences between the two groups were

found. In our opinion, the lack of more definitive RFR exposure

data vitiates, but does not invalidate the negative findings of

this study, i.e., the results provide no evidence for RFR-induced

effects on the health status of either group.

Kalyada et al. (1974) clinically examined a group of special-

ists in the USSR workinq with RFR generators in the 40-200 rIHz

range for one to nine years and reported frequency occurrenc'es of

functional changes in the central nervous system described as vege-

tative dysfunction accompanied by neurasLhenic symptoms. No

orgdanic lesions were found, but among the many specific changes

reported were deviations in the physiochemical and functional

properties of erythrocytes and leukocytes. They also conducted

experiments with human volunteers and reported functional changes

in the thermoregulatory and hemodynamic systems and in the thermal,

optical, and auditory analyzers. However, no RFR intensity values

15



were given tor t, ther t h, :;It,u,(- l i t s or th. vo l ttutI, it1Id most

of the findings were prtusunt ed in narrative torm, with no actual

data, and tile nature of the control group studied was not

described. Consequently, this iper provides little if Lny usefu]

information to aftirm or deny the occurrence of possible adverse

effects of occupational uxposure to RFR.

Klimkova-De'utschova (1974) surveyed various industrial worker

populations in CzechosIovak i, includingI metal welders, stcel

factory workers, plastic welders, technicians operating radio or

television transmitters, and people working in research institutes

and other industries that involve exposure to RFR. Miscellaneous

administrative sdaft members were studied for comparison. Fre-

quencies varied accordinq to the place of exposure, ranging from

0.5 to 150 MHz, 300 to 800 MHz, or 3 to 30 GHz. The power densi-
2ties, where specitied, ran ed from 0.1 to 3.3 mW/cm A sample

of 352 workers was selected from 530 people considered. The

findings included electroencephalographic disorders (consistinq

of synchronized waves of high amplitude and slow rhythm) and

biochemical changes (such as elevation of fastinq blood glucose,

serum beta-lipoprotein, and cholesterol). Changes in brain-wave

patterns and in blood sugar, protein, and cholesterol levels were

described as more pronounced in the people exposed in the 3- to

30-GHz range. Although the author states that differences among

groups for specific manifestations were either statistically siq-

nificant (at the 0.05 or 0.01 level) or were not, numerical results

or their statistical treatment were not given.

Sadchikova (1974) presented clinical observations on the

health status of two groups of USSR RFR workers. Those in the
2

first group (1000) were exposed to up to a few mW/cm , whereas

those in the second group (180) were exposed to values rarelyv

exceeding several hundredths of i mW/cm', both at unspecitied

"microwave" frequencies. A ,r()uLp ()f 200 people of comparable

bha(:kgrounds other- than RFR o, s:I , ye served is controls. S xt cen

kinds of symptoms wer( r(p)rtd, ncl udirig fatigue, irritability,

I (C
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s1e2pi ness, part ial loss ot memory, bradycardia, hypertension,

h,,otcnsion, cardiac pain, and systolic murmur. In the higher-

powr-dnsity grouL), the incidences were higher than in the

low'r-powr-density group fol five of the 16 symptoms, lower for

ii.Linc symptoms, and about the sam. oi) the remaining two. Tnci-

dences in the control group were lower than those in either

exposed group for 15 of the 16 symptoms. A few subjects of the

first group who worked under unspecified "unfavorable" conditions

developed cataracts. Although bar 1raphs were included that show

percentages of changes in the 16 symptoms among the 3 groups,

statistical treatments of the data were not provided, so whether

any of the reported differences were statistically significant

cannot be ascertained. The occurrence of cataracts in the few

who were working under "unfavorable conditions" must be inter-

preted as an indication of exposure to power densities well in

excess of the cataractogenesis threshold.

Pazderova (1971) reported on the results of a battery of medi-

cal evaluations carried out on 58 employees of Czech television

transmitter stations. Exposure frequencies were estimated to

range from 49.5 to 230 MHz at field intensities equivalent to
20 to 22 W/cm , with a mean exposure durati-n of 7.2 years (10.6

hours/workday). Electrocardiograms, heart and lung X-rays, eryth-

rocyte sedimentation rates, urinalyses, and liver function tests

were conducted as well as hematologic, serologic, ophthalmologic,

nuorologic, gynecologic, psychiatric, and psychologic examinations.

IIhe( only statistically significant finding was that the mean plasma

:rtotein 1( veis were higher than "normal" values taken from the

Li trat ure, a finding that even the author finds unexplainable.

'1he appropri,ateness of the use of I it-trature control values is

highly iu(,st ionable. In a later study by Pazderova et al. (1974)

t h(, (,t ets f,' RFR nn blood protein rat ios were reexamined. In

tt, 00- to )00-Mllz range, 5] p opl,. weret exposed to I jelds up to

d)out 0.02 ow,"'c'2 ; in the 3- to 30-MiIz rangeo, 19 je( i;J were
mWc2

. : -;I "I t, 00)ut I IW/C11 ; and in the, 640- to 1%00-kHz ranqie, 39

wr , :.'pon) to about 0.8 mW/cm . A groii, of 59 work-rs

-I17-.~- -



served as controls, but the authors indicate that the only dit-

fer ence between exposed and control groups was that those included

in the exposed groups had worked in irregular shifts whereas more

than half of the control people had only worked morning shifts.

The results showed that the levels of blood proteins and their

tractions were within normal physiologic limits, both the mean

and individual values, but statistically significant differences

were found between mean values for the exposed and control groups.

in our opinion, the absence in either study of a control group

that had received virtually no RFR exposure renders questionable

that any differences found were due to RFR exposure. It is likely

that the altered values of blood proteins (which were within

normal limits) were due to other factors.

In overall summary, none of the U.S., Polish, and Czechoslo-

vakian studies analyzed thus far offer evidence of detrimental

effects associated with exposure of the general population to RFR.

Consistent with the voluminous, earlier Soviet literature, the

Soviet studies offer findings that occupational exposure to RFR at

average power densities less than 10 mW/cm 2 does result in various

symptoms, particularly those associated with CNS disorders.

Because the USSR symptomatology has never been reported in Western

studies and because there are marked differences between Soviet

and Western publications in the procedures used for reporting data,

any prediction of possible RFR hazards based on the USSP epidemio-

logic studies would require occeptance of these Soviet lindings

at face value.
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(1) EPIDEMIOLOGIC

List of AnaLyses

Appleton, B., S. Hirsh, R. 0. Kiniorn, M. Soles
G. C. McCrossan, and R. M. NeidLinger,
MICROWAVE LENS EFFECTS IN HUMANS
Arch. Ophthalmol., Vol. 93, pp. 257-258 (1975) (See "Ocular"
for analysis.)

Burdeshaw, J. A. and S. Schaffer
FACTORS ASSOCIATED WITH THE INCIDENCE OF CONGENITAL ANOMALIES:
A LOCALIZED INVESTIGATION
Final Report, Report No. XXIII, 24 May 1973-31 March 1976,
Contract No. 68-02-0791, EPA 600/1-77-016 (March 1977)

Cleary, S. F. and B. S. Pasternack
LENTICULAR CHANGES IN MICROWAVE WORKERS--A STATISTICAL STUDY
Arch. Environ. Health, Vol. 12, pp. 23-29 (1966) (See "OcuLar
for analysis.)

Cleary, S. F., B. S. Pasternack, and G. W. Beebe
CATARACT INCIDENCE IN RADAR WORKERS
Arch. Environ. Health, Vol. 11, pp. 179-181 (1965) (See
"Ocular" for anaLysis.)

Cohen, B. H., A. M. LilienfeLd, S. Kramer, and L. C. Hyman
PARENTAL FACTORS IN DOWN'S SYNDROME-RESULTS OF THE SECOND
BALTIMORE CASE-CONTROL STUDY
In E. G. Hook and I. H. Porter (eds.), POPULATION
GENETICS-STUDIES IN HUMANS, Academic Press, New York,
pp. 301-352 (1977)

KaLyada, T. V., P. P. Fukalova, and N. N. Goncharova
BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHZ RANGE
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION. Polish Medical Publishers,
Warsaw, pp. 52-57 (1974)

Klimkova-Deutschova, E.
NEUROLOGIC FINDINGS IN PERSONS EXPOSED TO MICROWAVES
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish MedicaL Publishers,
Warsaw, pp. 268-272 (1974)
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(1) [PIDEMIOLOGIC

List of Anal.yses (continued)

LiLienfeLd, A. M., J. Tonascia, S. Tonascia, C. H. Libauer,
G. M. Cauthen, J. A. Markowitz, and S. Weida
FOREIGN SERVICE HEALTH STATUS STUDY: EVALUATION OF HEALIH
STATUS OF FOREIGN SERVICE AND OTHER EMPLOYEES FROM SELECTED
EASTERN EUROPEAN POSTS
FinaL Report, JuLy 31, 1978, Contract No. 6025-619073, Dept. 0l
EpidemioLogy, School of Hygiene and Public HeaLth, The Johns

Hopkins University, BaLtimore, MD (1978)

Pazderova, J.
WORKERS' STATE OF HEALTH UNDER LONG-TERM EXPOSURE TO
ELECTROMAGNETIC RADIATION IN THE VHF BAND (30-300 MHz)
Pracovni Lekarstvi (in Czech), Vol. 23, No. 8, pp. 265-271
(1971). English translation: JPRS No. UDC

616-001.228.1-057-07 (1971)

Pazderova, J., J. Pickova, and V. Bryndova
BLOOD PROTEINS IN PERSONNEL OF TELEVISION AND RADIO

TRANSMITTING STATIONS
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish MedicaL Publishers,
Warsaw, pp. 281-288 (1974)

Peacock, P. B., J. W. Simpson, C. A. Alford, Jr., and

F. Saunders
CONGENITAL ANOMALIES IN ALABAMA
J. Med. Assoc. Ala., VoL. 41, No. 1, pp. 42-50 (1971)

Robinette, C. D. and C. SiLverman

CAUSES OF DEATH FOLLOWING OCCUPATIONAL EXPOSURE TO MICROWAVE
RADIATION (RADAR) 1950-1974
In D. G. Hazzard (Ed.), SYMPOSIUM ON BIOLOGICAL EFFECTS AND
MEASUREMENT OF RADIOFREQUENCY/MICROWAVES, Dept. of Health,
Education, and Welfare, Washington, D.C., HEW PubLication
No. (FDA) 77-8026 (1977)

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF PEACTIONS TO MICROWAVE IRRADIATION
IN VARIOUS OCCUPATIONAL GROUPS
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, PoLish redical Publishers,
Warsaw, pp. 261-267 (1974)
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(1) EPIDEMIOLOGIC

Lisf of Analyses (continued)

Siekierzynski, M,
A STUDY OF THE HEALTH STATUS OF MICROWAVE WORKERS
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 273-280 (1974)

SigLer, A. T., A. M. Lilienfeld, B. H. Cohen, and
J. E. Westlake
RADIATION EXPOSURE IN PARENTS OF CHILDREN WITH MONGOLISM
(DOWN'S SYNDROME)
Bull. Johns Hopkins Hosp., Vol. 117, pp. 374-395 (1965)
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Burdeshaw, J. A. and S. Schaffer
FACTORS ASSOCIATED WITH THE INCIDENCE OF CONGENITAL ANOMALIES:
A LOCALIZED INVESTIGATION
Final Report, Report No. XXIII, 24 May 1973-31 March 1976,
Contract No. 68-02-0791, EPA 600/1-77-016 (March 1977)
Study type: (1) Epidemiologic, (3) Teratogenic and
developmental abnormalities;IN-VIVO;HUMAN
Effect type: RFR-induced congenital anomalies among white and
black populations
Frequency/wavelength: Unknown
Modulation: Unknown
Power Densities: Unknown
SAR: Unknown
Exposure conditions: Unknown
REVIEWER SUMMARY: In this report, the Alabama birth record
data studied previously by Peacock et al. (1971) were
reexamined for possible RFR-related anomalies. Instead of
using statewide averages as a control for county incidences,
the authors compared the Coffee and Dale County data (in which
Fort Rucker is located) with those of each of the other 65
Alabama counties on a score and rank basis. They also sent
questionnaires to 46 Alabama hospitals to acquire more detailed
information on hospital characteristics and reporting
procedures to permit prediction of expected values for Lyster
Army Hospital in Fort Rucker. They found the following
evidence against the conclusion that there is an unusually high

anomaly incidence rate in the Fort Rucker area:
1. During the study period July 1968-December 1972, the
overall rates for Coffee and Dale Counties rank only sixth and
eighth among the 67 counties in Alabama.
2. Although the two highest rates in a sample of 47 hospitals
are 17.7 at Lyster Army Hospital, Fort Rucker, and 18.0 at the
Air Force Base in Montgomery County, there are five other
hospitals in the Alabama sample that have rates between 12.2
and 14.5. There is no statistically significant difference
between these rates and Lyster's.
3. Prediction intervals show that Lyster's overall rate is
well within what would be expected from a hospital with

Lyster's characteristics.
4. When the addresses of the mothers of anomalous infants were
plotted on county road maps, no significant clustering,
especially in the vicinity of presumed radar sites, was

apparent.
5. The rates, by International Classification of Diseases
category, from Lyster seem to be consistent with rates obtained
from carefully controlled studies, such as one reported
recently from Mayo Clinic. Because there is no reason to
believe that Mayo's rates are unusually high, they should serve
as a reasonable "normal control" for the Rucker study.
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6. When the occurrences of anomalies within categories with
the highest rates at Lyster are plotted on a time axis,
significant clustering is apparent. There is evidence that, in

most cases, the reporting of anomalies within a cluster may be

attributable mainly to one or two physicians, rather than to
the several physicians on the staff at any one time.
However, they cite two observations that prevent the dismissal
of the anomaly question:
1. The two highest rates from the hospital survey, at Fort
Rucker and Maxwell AFB, are both from military installations
and aviation centers. These rates cannot be explained easily

by the fact that military hospitals are more alert to the
presence of an anomaly, because the rates at Redstone Arsenal

and Fort McClellan in Alabama are 7.1 and 0.7, respectively.
2. Thirteen of 17 counties with overall rates in the upper
quartile lie within a contiguous band that has one terminus in
Houston, the south-easternmost county in Alabama, and that
extends west-northwesterly to Marengo, one county removed from
the Mississippi state line. The 20 counties in the southeast

quadrant of Alabama have ten counties in the upper quartile,
and this is more than can be explained by chance. This
phenomenon, however, may involve more than a "military base"

explanation.
Their overall conclusion was that on the basis of the birth
record data, it could not be concluded that an unusually large

number of infants with congenital anomalies were born to
military personnel at Fort Rucker or to other residents in the
immediate area.

OTHER INFORMATION: In November 1973, Peacock, Williams, and
Nash submitted a report to the EPA from the Southern Research
Institute based on both a reexamination of the birth-record
data included in the 1971 report of Peacock et al., and
examination of additional birth records so that a four-year
period from 1968 to 1972 was covered. They found that, on the
basis of the four-year data and after making adjustments for
"non-radar" factors, the Lyster Hospital anomaly rates in
several categories were abnormally high for all anomalies,

heart, genital organs and musculoskeletal categories, and that
the evidence was strong that the rates were also abnormally
high for fetal deaths, circulatory and respiratory systems,
cleft palate, and in the skin-hair-nail categories. Eglin AFB
Hospital fetal death rate was nearly identical to that for

Lyster Hospital. Upon reevaluation, the apparently high rate
for clubfoot, initially a category that pointed most
convincingly to a localized problem, was attributed to
reporting differences. However, this report was never

published, and presumably its conclusions are moot, in view of
the Burdeshaw and Shaffer report.
FINAL CRITIQUE: Based on the data presented and the
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statistical treatment thereof, there is little if any evidence
toward an association of abnormal incidences of congenital
anomalies and exposure to RFR at the levels occurring in the
vicinity of military bases using radar facilities.
REFERENCES: Peacock, P. B. , S. R. Williams, and E. Nash,
RELATIONSHIP BETWEEN THE INCIDENCE OF CONGENITAL ANOMALIES AND
THE USE OF RADAR IN MILITARY BASES, Final Report, Report
No. III, Project No. 3118, Contract No. 68-02-0791, submitted
by Southern Research Institute to EPA (Nov. 1973) (unpublished)
Peacock, P. B. , J. W. Simpson, C. A. Alford, Jr., and
F. Saunders, CONGENITAL ANOMALIES IN ALABAMA, J. Med.
Assoc. Ala., Vol. 41, No. 1, pp. 42-50 (1971)
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Cohen, B. H., A. M. Lilienfeld, S. Kramer, and L. C. Hyman

PARENTAL FACTORS IN DOWN'S SYNDROME-RESULTS OF THE SECOND
BALTIMORE CASE-CONTROL STUDY
In E. G. Hook and I. H. Porter (eds.), POPULATION
GENETICS-STUDIES IN HUMANS, Academic Press, New York,
pp. 301-352 (1977)
Study type: (1) Epidemiologic, (2) Mutagenic and cytogenetic;
IN-VIVO; HUMAN
Effect type: Radiation-induced Down's syndrome
Frequency/wavelength: Unknown
Modulation: Unknown
Power Densities: Unknown
SAR: Unknown
Exposure conditions: Primarily to ionizing radiation for
diagnostic and therapeutic purposes
REVIEWER SUMMARY: In an earlier study of Down's syndrome in
Baltimore for the period from Jan 1946 through Sept 1962
(Sigler et al., 1965), data for 216 cases and 216 control
children matched for hospital of birth (or at home), sex,
birthdate (within 6 months), and maternal age (within 1 year)
at time of birth were analyzed for statistically significant
differences primarily in exposure to ionizing radiation used
for diagnostic, fluoroscopic, and therapeutic purposes, but
also in presumed exposure of the fathers to RFR because of
military service. In the present study, the data from the
earlier study, denoted as the "Original Series," were
reexamined, together with the data regarding 128 additional
matched pairs for 1945 and for Oct 1962 through 1968, denoted
as the "Current Series." More detailed questions about RFR
exposure and military service were incorporated in the Current
Series questionnaires, and service record information on the
fathers was acquired. An attempt was made to acquire similarly
detaiLed data on the fathers of the Original Series. In
addition, a chromosome study of the fathers was undertaken to
determine whether there was any detectable residual damage in
the chromosomes of the peripheral blood. After considering the
more detailed exposure information, the following findings were
reported for the Current Series: 15.7% of case fathers and
21.3% of control fathers had received radar exposure;
combining the probably-exposed with the definitely-exposed
groups, the corresponding values were 26.0% and 28.3%. The
re-evaLuated Original Series values for definitely-exposed
fathers were 18.6% for case fathers and 15.2% for controls, and
when probably-exposed fathers were added the values were 20.6%
and 15.7%. When the data from the Original Series and from the
Current Series were combined, the values for case vs control
fathers were 17.4% vs 17.5% for definitely exposed and 22.7% vs
20.6% when "some" exposure was included. None of the foregoing
comparisons showed statistically significant differences. The
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results of the chromosome studies have not been reported yet.
The authors concluded that the Current Series did not confirm
the suggestions of the Original Series that there was either an
excess of radar exposure or a Larger proportion of fathers with
military service prior to the conception of the cases of Down's
syndrome. The authors note that "in view of the suggestive
findings of the original series with regard to a possible radar
association, it was certainly necessary to investigate this
question further. The initial steps were taken. A replication
study was the simplest and least expensive immediate approach.
Supplementing it with the independent search of service records
added an objective approach eliminating any possible
differential in parental responses. These methods having been
attempted with inconclusive findings, it is now necessary to
look to the prospective, longitudinal, surveillance studies to
resolve the issue."

OTHER INFORMATION: The authors remark that the statistically
significant differences in medical (ionizing) radiation history
between case and control mothers found in the Original Series
were absent in the Current Series. They speculate that this
finding may be ascribable to increased awareness by medical
practitioners of the potential health hazards of ionizing
radiation to women in the child bearing years, Leading to more
restricted exposure.
FINAL CRITIQUE: The major problem with this, as well as other
retrospective epidemiologic studies for possible RFR-induced
bioeffects, is the difficulty in determining differences, with
any degree of confidence, in exposure levels and durations
between so-called exposed groups and unexposed groups. Records
and interviews regarding military service, even at stations
where the use of radar and communications systems is prevalent,
rarely provide insight into actual exposure histories for
either group. In view of the absence of statistically
significant differences between the incidence of Down's
syndrome and "radar" exposure of the fathers in the Current
Series and in the combination of the Current and the Original
Series, the positive finding of such an association in the
Original Series appears to be a statistical anomaly.
REFERENCES: Sigler, A. T., A. M. Lilienfeld, B. H. Cohen, and
J. E. Westlake, RADIATION EXPOSURE IN PARENTS OF CHILDREN WITH
MONGOLISM (DOWN'S SYNDROME), Bull. Johns Hopkins Hosp.,
Vol. 117, pp. 374-395 (1965)
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KaLyada, T. V., P. P. Fukalova, and N. N. Goncharova

BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHZ RANGE
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,

Warsaw, Pp. 52-57 (1974)
Study type: (1) EpidemioLogic, (5) Nervous system, (6)
BehavioraL, (8) Immunological, (9) Biochemical/physiological;
IN-VIVO; HUMAN
Effect type: RFR-induced health changes
Frequency/waveLength: 40-200 MHz
Modulation: Not specified
Power Densities: Not given other than "non-thermal intensity"
SAR: Not given
Exposure conditions: Mostly occupational for more than 5
years, but also one laboratory investigation with human
volunteers
REVIEWER SUMMARY: A group of speciaLists (number not given)
working with RFR generators from 1 to 9 years was given complex
clinical examinations. Frequent occurrence of functional
changes in the central nervous system was reported. The
principal form of neurodynamic disturbance was vegetative
dysfunction accompanied by neurasthenic symptoms. No organic
Lesions were found. The authors state that the relationship
between the frequency of neurodynamic disturbances and duration
of work was clear-cut. Several of the manifestations were
biohasic, e.g., the level of activity of thermal receptors was
higher for those employed for up to 1 year than for controls,
and was lower for those employed for 3 to 9 years. Among the
many specific changes reported were deviations in the
physiochemical and functional properties of erythrocytes and
leukocytes including lower osmotic resistance of leukocytes and
lower phagocytic reaction that led to weakened immunobiological
reactivity. The authors also report the following:
"Experimental data obtained in volunteers under laboratory
conditions of irradiation mimicking industrial variants
-2vealed certain principles concerning general physiologic
responses of the human body towards electromagnetic fields.
The thermoregulatory system, some systems of hemodynamics and
thermal, optical and auditory analysers proved most
functionally reactive and sensitive to the influence of
experimental irradiation. The dynamics of functional
deviations were compared with those accompanying the presumed
action of the factor. The irradiation was systematic with daily
15 min exposures and the 30 days' duration of each series of
treatments. The ambient temperature ranged from 22.6 to 23.4
deg C with relative humidity of 40-46%. The results showed
that some functional deviations took place during irradiation,
while others followed it. The skin temperature of distal parts
of the body (hands, feet) was elevated during the whole period
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of actual irradiation with simultaneous intensification of heat
loss through emission and demobilization of heat receptors.
The number of active cold receptors sharply increased."
OTHER INFORMATION: No RFR intensity values are given. Most of
the findings are presented in narrative form, and no actual
data are cited. Bar graphs depicting changes, relative to
controls, of a few specific parameters with exposure duration

are given, but the nature of the control group is not described
and no statistical treatment is presented.
FINAL CRITIQUE: Because of the lack of quantitative data on
RFR intensities and on any of the effects relative to an
unspecified control group, this paper provides little if any
useful information to affirm or deny the occurrence of possible
adverse effects of occupational exposure to RFR.
REFERENCES: None
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Klimkova-Deutschovd, E.

NEUROLOGIC FINDINGS IN PERSONS EXPOSED TO MICROWAVES

In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH

HAZARDS OF MICROWAVE RADIATION, PoLish MedicaL Publishers,

Warsaw, pp. 268-272 (1974)

Study type: (1) Epidemiologic, (5) Nervous system, (6)

Behavioral, (9) Biochemical/physioLogical; IN-VIVO; HUMAN

Effect type: Subjective complaints, subclinical and clinical

mani f estat ions

Frequency/wavelength: Various in range 0.45 MHz-30 GHz

Modulation: Various

Power Densities: Up to 400 V/m (40 mW/cm.2 equiv.) Av

SAR: Unspecified

Exposure conditions: Various occupational situations

REVIEWER SUMMARY: From a total of 530 persons in various

industrial situations, a sample of 352 workers was selected and

analyzed by computer on the basis of 119 parameters, and

divided into the following groups:

1. Workers engaged in metal welding, exposed to frequencies

ranging from 0.5 MHz up to 3.5-32 MHz.

2. Workers from two steel factories engaged in tempering steel

and exposed to ftequencies of 0.45-150 MHz, with a daily

exposure of 50-112 V/m, and occasionally 400 V/m.
3. Welders of plastics: frequency range 12-150 MHz, daily

exposure 20-57.7 V/m.

4. Technicians operating television transmitters.
5. Workers at a radio transmitting station operating at a wide

range of frequencies, from 6 MHz up to 30 MHz, and using a

pulsed field system.

6. Persons exposed to radiation in the 3-13 cm waveband

working in industry and at research institutes with frequencies

ranging from 3 GHz to 30 GHz. Intensity measurements showed

permissible levels in some places, but in others values

exceeding the permissible level ten or more times were found.

7. Persons working on a linear particle accelerator.

8. A mixed group which included the administrative staffs of

two factories, who were not directly exposed to nonionizing

radiation, some workers with exposures of less than 300 MHz and

others with exposures of 300-800 MHz.

Among the general conclusions cited were:

(1) Confirmation that disturbances of the nervous system may be

divided into three main stages:

(a) The neurasthenic syndrome with autonomic disorders,
(b) Pseudoneurasthenia with similar subjective complaints, but

with microsymptoms of an organic nature, especially in motor

systems,
(c) Very rare cases of encephalopathy.

(2) The occurrence of contralateral responses to cerebellar and

extrapyramidal disturbances facilitates the detection of early
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s0 4ri, ot extrapyramidal syndromes, which are identical with

those caused by cerebeLLar irritation.

(3) fhe predominance of fatigue in certain of the exposed

groups was paralleLed by a reduction in vigilance, as noted in

the EEG recordings and in earlier studies of higher nervous

functions.

(4) The occurrence of synchronized EEG activity, with slow

rhythms of high ampLitude similar to those seen in epileptic

seizures, taken in conjunction with the clinical and

biochemical findings, permits the conclusion that the

involvement of the nervous system is localized in the

mesodiencephalic region. Such activity is seen in persons

subjected to high levels of exposure, particularly in the form

of a pulsed field.
(5) Possible explanations of the pathophysiology include direct

perpetration of the radiation into the midline structures and

the therm.4 effect in the cisterna magna, which would explain

the rare cases of arachnitis of the posterior fossae and the

ce r e eLlar phenomena. The rectangular branching of the blood

vessels of the temporal and basal ganglia explains the slowing

of the blood stream in these parts of the brain, accompanied by

reduced oxygenation. It may be assumeu 'Lhat the subclinical

paroxysma activity is induced by alkalosis resulting from

these disturbances.

(6) The n')nthermal effects and reversible neurotic

manifesta'ions may be attributed to the interruption of

synaptic transmission and to changes in reflex activity under

enzymatic influences.

Specific findings included electroencephalographic disorders

(consisting of synchronized waves of high amplitude and slow

rhythim) and biochemical changes (such as elevation of fasting

bLQod glucose, s rum beta-lipoprotein, and cholesterol).

Changes in brairwave patterns and in blood sugar, protein, and

cholesterol levels were described as more pronounced in the

peopte exposed in the 3-30 GHz range.

OTHER INFORMATION: The author points out that "...when the

inve~tigat ions were started preventive measures were not

strictly observed and Less attention was paid to the hazards

than is the case today. Nowadays, strict hygienic supervision

of working places prevents the development of serious organic

injury. Our previous results provide useful evidence of the

nature of the lesions that can develop."

FINAL CRITIQUE: The field intensities cited correspond to the

free-space-equivalent power density range of about 0.1 to 40

mW/cm.2, which overlaps the range for which Western

investigators have reported positive findings in animal studies

(but not necessarity the specific effects mentioned by this

author). The author states that differences among groups for

specific manifestations were either statistically significant
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at the 0.05 level, or at the 0.01 level, or not statistically
significant. However, numerical results and the statistical

treatment thereof are not presented, thereby rendering
cmparisons with the results of others impossible.

NevertheLess, because symptomatology similar to the
"neurasthenic syndrome" has not been reported in Western

studies, it is difficult to accept such findings by this and
other Eastern European investigators (e.g., Sadchikova, 1974)
at face value.
REFERENCES: Sadchikova, M. N., CLINICAL MANIFESTATIONS OF
REACTIONS TO MICROWAVE IRRADIATION IN VARIOUS OCCUPATIONAL

GROUPS, in P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND
HEALTH HAZARDS OF MICROWAVE RADIATION, Polish Medical

Publishers, Warsaw, pp. 261-267 (1974).
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LiLienfeld, A. M., J. Tonascia, S. Tonascia, C. H. Libauer,
G. M. Cauthen, J. A. Markowitz, and S. Weida
FOREIGN SERVICE HEALTH STATUS STUDY: EVALUATION OF HEALTH
STATUS OF FOREIGN SERVICE AND OTHER EMPLOYEES FROM SELECTED

EASTERN EUROPEAN POSTS -

Final Report, July 31, 1978, Contract No. 6025-619073, Dept. of
Epidemiology, School of Hygiene and Public Health, The Johns
Hopkins University, Baltimore, MD (1978)

Study type: (1) Epidemiol ogic, (8) Immunological, (9)
Biochemical/physiological; IN-VIVO; HUMAN
Effect type: Possible RFR-induced mortality and morbidity

Frequency/wavelength: 0.5 to 10 GHz; max. in 2-3 GHz
Modulation: Up to 7 noise bands, each a few MHz wide
Power Densities: Up to 18 microwatts/cm.2 Av

SAR: Unknown
Exposure conditions: Intermittent
REVIEWER SUMMARY: The U.S. Embassy in Moscow has been
subjected to RFR since 1953, the year after the U.S. moved its
chancery to Checkovsky Street. Prior to 1963, the presence of
RFR was detected intermittently during routine surveitlances of

the building, at which time continuous monitoring of the
signals was instituted. The signals consisted of up to 7 noise

bands, each a few MHz wide, in the frequency range from 0.5 to

10 GHz, with maximum amplitudes in the 2-3 GHz range. The
maximum incident average power densities and exposure durations
varied with the period: 5 microwatts/cm.2 for 9 hours/day from
1953; 15 microwatts/cm.2 for 18 hours/day from June 1975 to

February 7, 1976; and less than 1 microwatt/cm.2 for 18
hours/day thereafter. The highest average power density
reported was 18 mi crowatts/cm.2 in one part of the southeast
corner of the building, where beams from two sources converged.
In this study, the health of U.S. personnel assigned to the

Moscow embassy from 1953 to 1976 was compared with the health
of chose assigned to other Eastern European embassies. Totals

of 1,827 employees and 1,228 dependents were identified as
having been at the Moscow embassy during the period. The

control population consisted of 2,561 employees and 2,072
dependents assigned to embassies and consulates in Budapest,

Leningrad, Prague, Warsaw, Belgrade, Bucharest, Sofia and
Zagreb during the same time period. Periodic tests for RFR at

the control sites showed only background Levels. Medical
reports were reviewed for 1,209 Moscow employees and 834
dependents. The :orresponding numbers for the control group
were 1,882 and 1,507. Health questionnaires were returned by

969 Moscow employees and 1,129 control employees. There were
no discernible differences between the Moscow and control
groups in total mortality or mortality from specific causes,
nor were there differences in mortality between the Mos:nw 3nl
control groups of dependent children or adults. With the
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exception of cancer-related deaths among female employee groups
(both Moscow and fri rol ), rnorta ity rates for both Moscow and
control groups were L,'ss than for the U.S. population at large.
Although the study groups wf,r- sujbject to a large variety of
health problems, on the ba- - of the medical records these
problems were shared nearly tequally by both Moscow and control
groups with two exceptions: the Moscow male employees had a
threefold higher risk of acquiring protozoal infections, and
both men and women of the Moscow group were fourd to have
slightly higher frequencies of moot of the common kinds of
health conditions reported. Howe,.er, the authors could not
relate these two exceptions to RFR exposure. From the health
questionnaire information, the authors reported that there were
some excesses in the Moscow employee groups as compared with
the controls: more corr-,ctable refracti ve eye problems, more
psoriasis in men -ind aren a in women, and more frequent cases
of depression, irritability, difficulty in concentrating, and
memory loss. However, the authors noted that "In view of the
possibilities wh ch han been pub,. ci zed of the increased danger
to their health and thait of thei r children, it is not at all
surprising that the Moscow group might have had an increase in
symptoms such as those reported. However, no relationship was
found between the occurrence of these symptoms and exposure to
microwaves; in fact, the four symptoms mentioned earlier,
which showed the strongest differences between the Moscow and
Comparison groups, were all found to have occurred most
frequently in the group with the least exposure to microwaves."
For dependents, the autoor' found no differences between the

adult Moscow and control q"oups. Mnscow dependent children had
twice as high a frequnc'y -1 mump-, as the control children.
The incidence of con " ,o ,. -rmaLi es occurring in children
born after arrival of the r ,'- it the duty station was
comparable for the Mo-c:)w : r, ro groups Finally, the
authors summarized j; f c, o s, "W',th very few exceptions, an
exhausti ve coiripari , on o t -,e , e.al th .ttus of the State and
non-State Department emp Dves who nad served in Moscow with
those who had serveci in oth,,r Eastern European posts during the
same period of time iovea, iel no differences in health status as
indicated by the r n - i I .x o rionce and a variety of
morbidity measures. No cor /inring evidence was discovered that
would di recti / imnl :ate the exposure to microwave radiation
experienced by the epployees at the Moscow embassy in the
causation of any aqi,,,rse he il th effects as of the time of this
analysis."
OTHER INFORMATION: Tlhe aithors o' this study recognized and
commented on the i imi tati on; placed on the study by their
inability to acquire corrp',ete sets of medical records, death
certificates, and rot urned heal ,h auestionnai res, and by the
imprecision of the classif :at or, of the individual employees



according to probable extent of RFR exposure. Furthermore,
they noted that the highest exposure levels were recorded late
in the study and therefore, for the subgroup with the highest
exposure, the period of time during which health effects might
become apparent was the shortest. They also noted that the
size of the study population was insufficient to detect excess
risks that were less than twofold for many of the medical
conditions studies. Pollack (1979) briefly summarized the
exposure conditions and the results of this study. Brief
discussions of this study are also in the review papers by
Silverman (1979, 1980).
FINAL CRITIQUE: Despite the limitations of the study
acknowledged by the investigators, their findings of no
RFR-related increases in mortality or morbidity appear valid.
It should be noted that the 18 microwatts/cm.2 maximum level
cited was applicable to one part of the embassy and only if a
person had been at a window unclothed, so that the exposure
leveLs for most of the personnel for most of the time were
probably well below the maximum permissible level (5
microwatts/cm.2) specified in the USSR standard of general
population exposure.
REFERENCES: Pollack, H., EPIDEMIOLOGIC DATA ON AMERICAN
PERSONNEL IN THE MOSCOW EMBASSY, Bull. N. Y. Acad. Med.,
Vol. 55, No. 11, pp. 1182-1186 (1979)
0018-9219/80/0100-0078 Silverman, C., EPIDEMIOLOGIC STUDIES OF
MICROWAVE EFFECTS, Proc. IEEE, Vol. 68, No. 1, pp. 78-84 (1980)
Silverman, C., EPIDEMIOLOGIC APPROACH TO THE STUDY OF MICROWAVE
EFFECTS, Bull. N.Y. Acad. Med., Vol. 55, No. 11, pp. 1166-1181
(1979)
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WORKiRS' '-iAT Of HIALTH UNDER LONG-TERM EXPOSURE TO

I IKT1ROMAGNETIC RADIATION IN THE VHF BAND (30-300 MHz)

Pra tnvni Lekarst vi (in C.e ch) , Vol. 23, No. 8, pp. 265-271

1971). English translation: JPRS No. UDC

616-001.228.1-057-07 (1971)

Studv type: (1) Epidemiologic, (4) Ocular; (5) Nervous system,

(6) Behavioral, (9) Biochemical/physiological, IN-VIVO; HUMAN

Effect type: RFR induced effects on health

Prequency/wavelength: 48.5 to 230 MHz

Modulation: Video

Power Densities: 0 to 9.2 V/m mean (2.1

microwatt/cm.2 equiv.)
SAR: Unknown

Exposure conditions: Occupational at TV stations in

Czechoslovakia
AUTHOR SUMMARY: Fifty-eight employees of teLevision

transmitter stations, 49 males and 9 females, were examined.

Their mean age was 32.1 years, and their mean length of

employment at television transmitters was 7.2 years. The
transmission band ranges from 48.5 to 230 MHz. The

electromagnetic field's mean intensity was 2.9 V/m (s = 0.4,

range from 0 to 9.2 V/m). The mean exposure per workday,

computed as the product of the field intensity (V/m) and of the

period of exposure (hours), was 30.7 (s = 3.8, range from 6.5

to 97.1). The error in the methods of measurement is given as

30 percent. The subjects' state of health was evaluated on the

oasis of a complete medical checkup that included the patients'

history and the foLlowinq tests: ECG, x-rays of heart and

Lungs, erythrocyte sedimentat ion rate, urinalysis, Liver tests,

and gynecological examination of the female subjects. The

following examination and test results were compared with

control groups and were tested for statistical significance:

,lood pressure; complete blood count including thrombocytes,

orotein spectrum and blood-sugar level; and ophthalmologicaL,

ieurological, psychiatric and psychological examinations.

Interpretations of the electroencephalograms will be published

seDarately. In the examined subjects we found no sign of

damage due to electromagnetic radiation. Among the laboratory

test results, the mean plasma protein levels were significantly
increased. Even though we do not regard this as pathoLogical,

the possibiLity of its correlation with exposure to

electromagnetic radiation cannot be ruled out. The other test

results did not differ from those of the control groups.

OTHER INFORMATION: The 58 subjects monitored the operation of

the transmitters during most of their working shifts and they

roccr , ed readinqs and performed adjustments and maintenance on
the tran-mitters durinq the remainders of their shifts. The

hIts wore of varyinq Length but averaqed 40 hours per week.

17 '



.- ", I r ,11 h, S uL ec t; were
t : -w1 -ker. , rom the literature for

u. k . . mr r fzor1 ,r, the same age group, i .e., no
I . , d exdvrined. Specific tests

"-u.J re u re, blood-protein spectrum

. !r'tr; a ha-1, a pra-2, beta, and
a. <,,rr- u[ rat io); orythrocyte,

, - ? C ur'.2, iver tests; chest x-rays;
e,. . a xa-i x tat i ns of the 8 femaLes

a,,- e 1ained 1'r neurovegetat ive symptoms
- C 4o iecIs underwent psychiatric

Sc; ie , cnnaires alm.d toward detecting

S0i 3 ex a rr oiF at ior n. were also

. , a i_ < L Xat l a si ificant finding was

1a ;- . r e e re higher than "normal"
f...-" finding that even the

a , p r ropriateress of the use of

y .4 uestionabLe, and the

- L .i rf j control group matched for
: rdl background." See also the

r c- / e t aL. 1 974)
S, ova, and V. B-yndova, BLOOD

. N' N D RADIO TRANSMITTING

,, BIOLOGIC EFFECTS AND
r I . ,tVF-<. ,1 T IN, Fol ish Medical

"1 -), <V374)
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Pa.-Jerova, J., J. Pickova, and V. Bryndova

uLOO, PROTEINS IN PERSONNEL OF TELEVISION AND RADIO

1RANSMITTING STATIONS
Ki * '. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH

HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
War-,aw, pp. 281-288 (1974)
stud\ type: (1) Epidemiologic, (9) Biochemical/physiological;

-N-VIVO; HUMAN
ffect type: RFR-induced blood-chemistry changes

.requenc',/waveLength: 640-1500 kHz; 3-30 MHz; 60-300 MHz

'loduLation: Video and/or audio
Power Densities: For 60-300 MHz: up to 10 V/m; for other

cands: up to 65 V/m
SAR: Unknown

Exoosure conditions: Occupational at TV, shortwave, and
-<tandard AM radio broadcast stations in Czechoslovakia
REVIEWER SUMMA "Y: Results of a prior investigation of the
effects of occupational exposure to TV transmitters in
-zechoslovakia (Pazderova, 1971) had indicated no changes in
-,eaLth status except for modifications of the blood protein
ratios (e.g., gamma-globulin percentages). The present paner
describes results of repeating the investigation. In the
60-300 MH: (TV) ranie, 51 people were exposed to fields ranging
from about 0.5 to 9 V/m (the Latter corresponding to about 0.02
.mW/cm.2 free-space equivalent power density). The mean age of
,he group was 35.2 years and their average exposure duration
wvs 10.4 years. In the 3-30 MHz ("SW") range, 19 people with a

mean age of 39.3 years were exposed for an average of 16.8
,earc to about 66 V/n (about 1 mW/cm.2 equiv.), and in the
640-1500 kHz ("MW") range, 39 people with a mean age of 41.3

ear, were exposed for 16.8 years to about 55 V/m (0.8 mW/cm.2
equiv.). A group of 59 workers (35.4 years mean age) served as
zontrols. The authors indicate that the only difference
.,etween exrosed and control groups was that those included in
the exrosed oroups had worked in irregular shifts whereas more
Jhar half of the control people only worked morning shifts. A
-he results showed that the 'evels of blood proteins and their
raction7 were within physiologic limits, both mean values and
ndividui[ I ,nes, but statistically significant differences were

lourd between the mean values for the control and exposed
irotor.. Total blood proteins were sianificantly higher (to the
0.05 Cvf-l) for the MW group than the control; the alpha-one
,Lohulin val,jes for the MW and SW groups were significantly
niqher (tr th, 0.01 level) for all three exposed groups
rea1 t iv.. to controls, with the greatest elevation for the SW
q roLJIr. The difftrences for alpha-two globulins were not

ijr , cant, but the gamma-globulin level was depressed for the
TV aro.o and el-vated for the MW qroup. The authors then

:t~te:

39
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•, t fron tre literature
- . t oi, ,d n e, c r ariges n person .  and

Y.. .. .- ,Xp, ed e -1etromaqnetic radiation. To
, r crL±t of ti;e ch3rges diverged from

. -r " i c I a- we Iii r.,t find any tLevation of
.- n i c, t cors id red to be typi cat We are

.p t' if i ; * r Lees we attribute *t to
r -i t c c. r t e c", " u s i v e( s t a t;p b L od

e : Sm-t r g s at i Dr . mmediateLy
-1.i 3 g n t, f ds. Th s exptanation

, -s -, J I:I's :' U rqe rn.,e pruf, ounced changes
-" ,, .. ., r ed [ the ( hghe r a d l onger

0 .''rO[ -rup htIhat received
' ,xp ''ure ,,er,- quest or! bLe finding of

a L. a, e s RFR exposure. Moreover,
.i a n d ffferences in Lood

yV C ,-rc C 0 P e v 'Lues did not exceed normaL
_j r - In L t , sudy does not provide any

_L ") ,c,, r e L. RFR frequencies and
, . Pr 1c. ro b :- effects on those exposed.

* - E- :" :i r'u mnyes in bLocd protein LeveLs
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-. :o C J. 0 H J . r,, C A ALford, J r , and

0 N iAt ANOMA . N A' L A
i. 1' . .soc Al .L \ V I 4 1, A . I, p p. 42- 50 (1971)

;tS d d type: (1) Lp i demi olt gi c, (3) T eratogenic and
J eve pmentaL abnormal t ies; ItN--VIVO; HUMAN

t,- ipe: RFR- :.i,;?e d .. r,.eoitdl anomalies among white and
L c popuLat i crl,;

Freouency/waver enqt h: Unknown

;'i0du[ at i on: Unkn(,
PoLwer Densities K o 'W
SAR: Unknown
Exposure conditi o! , In knr in

REVIEWER SUMMARY: in ALabema, a statewide file by counties is
kept ot alL birth i-fect-. reported each month. The information
is stored in a coie: ,Jter in the SchooL of Public Health,
Jniversity of Al ahama Scioo: oft Medicine, and is available for
statisti ca. ar i . s In this paper, data for the period from
July 1969 t- Novernher 1970 ate anaLyzed. The overalt rate of
10 ) w b, r s n ; t t, i m 1ies per 1,000 births is comparable
4 t -3 es elsewhere H -wever, the white rate of 11.1 was
ig ,er - th r n- w e rare of 9.7. There was an excess of
o , j, t... ain n , n ack n fants (125 cases versus 36 cases

a rrrna t" wr 3': 1 t- and the authors indicate that if this
c Of af 3 a I .ed, the overall rates wouLd be 10.5

S hit .... . . 'or blacks. If each anomaly is
ass :m e d t i flst b! PCe , then 6 of the '7 counties
(But tL h, A e (I, Henry, and Jefferson) had
st it is c s -I - than 0.05) excesses for one
,Or tw,: - owtl <ul.ar, Coffee and Dale

count es n- . ocated), had higher rates

fer c r.. . ,,'s, and Dale aL so had a

-gher T. In CaLhoun, the incidence of
jren ce , - .i ," bies, whereas that of cleft

, p -,, r , , infants. ButLer and Henry

n n-- _ f j .: ' i f ifi da for whi tes, and Jefferson

ha J i: a I es for whites.
"IT W 7 ,Ap tet the avthot s make no mention

,-,* r saL factors for the excess

-n ,.. ''' ,t on overall rates found by

i on- within and outside of the

U .. ' -m r. to 75.4 per 1,000,
1 1 -. r ie "I I I ,, , ,Jie-1, the types of anomalies

r cn. * qeerI ,v-ti r s p e r s ona L L y examined a l L

i ed ;r a not if i at )n system, and on whether the
r-.. n. t' - e r; . fere ' o nwed p r os pec t i v e L y for scme years.

<h A CRITINUE: To a ,hseqient unpublished report (Peacock et
. Q7j), t j i 3 . it this paper ptus additional data were

-. a t, , r',r r p t fie f i nd ings of this paper moot . In a

S_ " ......



,e" ,er by Burd shaw and Scnffer (1977), the same
t. r ated wit h d ff eren statistical methods than those

te, : c'a dk orid Cow r k e r , and different conctusions are

N~ ENECES: Burdenhijw, J. A. and S. Schaffer, FACTORS

AS%'(,IIIAED WITH JHE iNCIDENCE OF CONGENITAL ANOMALIES: A
L INVESTIGATION, Final Report, Report No. XXIII, May

' , 9 7 3-M rach 31, 1976, EPA-600/1-77-016, Contract
- 68-02-0791 (March 1977)

P B., S. R. Wi Hams, and E. Nash, RELATIONSHIP
t-r .E.. TKE "NCiDENCE OF CONGENITAL ANOMALIES AND THE USE OF

N ! A MT.LITA J oASES Fina,, Report, Report No. III, Project
N ' . or a t N:. o8-fl2- )?91 submitted by Southern

1 t e t, EI-'A .N-v. 1,0 3) (unpubl ished)
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?uhinette, C. D. and C. SiLverman
A(SFS OF DEATH F01,LOWING OCCUPATIONAL EXPOSURE TO MICROWAVE
RADIAfION (RADAR) 1950-1974
I D. G. Hazzard (Ed.), SYMPOSIUM'1 ON BOOIA FET N
MEASUREMENT OF RADIOFREQUENCY/MICROWAVES, Dept. of HeaLth,
E ,1, :it ion, and We Lfare, Washington, D.C., HEW PubLication
io. ( FD A) 7 U- 8 0 -) ( 19'')
Stljcjb type: (1) Epidemiologic; (9) BiochemicaL/physiologicaL;
N -V I V ; HUMAN

i nc, '~ 'w ave I erng t h di: hk now n
A t i f : , Unik ri cw r

) - D e ns iti e s: Ur b k rwn
-R: LJnknawn

ire cood it ion: 0 Oc c tnrat ior a L exposure to var ious radar

!VI
T FWER SUMMARY: in this study of personnel who had served in

Na\v during the Karean War, a group of approximately 20,000
swas se1 rteoi .ird cLassifiedi as having had occupationaL

Ic o RPE R c, , b a sis o~ t1h e ir titLes of Electronics
c~f-irijr Fire CnrltruL Technician, or Aircraft ELectronics

; [,I-C ianr,; Anot he pr(up of about 21,000 persons was
a is f 11 ed is no' ha~ving~ h~, occupat ional exposure because of

tt~e 'fRa~ilr';an, Radarman, or Aircraft Technicians
' Jtp c or f're\i1 loatter group was referred to as the

vt q: r 0 o p huge these personnel may have had some
F p i' 'r~p e mnu ch less than the first group. Th e

4z, 01 ecords, covering 1955 to 1976, of
anin nr r, th n service and Later in Veterans

. ; ., ,-), in d of both granted and disalLowed
i~s o nr ad cornpe a t on . Onty mortaLi ty resuLts

- r'_- i -aopr, wh ch -,how 619 deaths from aLL
r ia a. I e oused group versus 579 deaths

oi tr r h the diffarence being not
t~ r or 2rt. It was noted that these death rates

r t r, ar ):, p, w-o )e than those for the comparable age
~r t he S. r :it ior) at L arge . Exami nati on of these

a t i irT i aJta IL showed a significantly higher
Jt h i-: e tr o rn t:rainr in the exposed group; however, many of
ipraurna-associ at-0 iea' hs resutted from military aircraft

'oit- and a hi ci or proportion of the exposed group had
'~ ir ~'onronme t yers. The incidence of deaths associated

ciferotic heart disease was significantly Lower in
';nu)1p. No significant differences were noted

o qvjp inters o toalmortaLity or interms
at/ 'r-rn an'y rcf ahout 20 assigned categories of causes

0 T 1 I N i P lAFiO 1N: Tn a subsequent p ap e r, SiLverman (1979)
r~~~ e !,n -a o~ or o~ .i .g i caL studies of possible



fF R -'oc>>c e4f e t~ i I( ig t h is ;t tdy of N av y personnel.
A Jat i , , de ta L 3 r e g a r-d' nmror b id it y and other h ea Lt h-reLatec

a~e:~ ~Fr'ot furnishei, L jt she does state: "Differential.
ri_1 th risk-, as,,.oriated with potentiaL occupational exposure to

i ' he Nav/y nir) r Ihan 1 ' y e Pr F aoo are not appa-ent w it h
-t;-oct to [ong-ternm mortal-it'I patterns or hospitaLized illness

droiurd the period of exposure, two endpoints for which there is
;-tuatLy compLete information for the total. study group.

no r s p-t a i zat in (in V t er a os Adini ist rat ion f a c i.i ti es
a)nty) and awards for service-connected disability, the two

rhe' e r r1nt - e xami ned , prov~de incomplete information.
s 'g ~if ic ant e i f f Penc e s among t he oc cupat iona L

s Fp i f i fe - by tee~ ocf p ote n tial, exposure have been
T e PPc t tc a P erdpo in ts studi ed, the differences

I~ ;~'Interpreted as i dirert result of microwave
She also points out the possibility that effects

.vinq the cardiovascuLar, endocrine, and central. nervous
'P rn be t r a.s ient! and ma~p I saippear short Ly af ter

e m i-.12n o f exposure or not produce Symptoms that warrant
a -- ior.In a stilt L a-er review paper (SiLverman,

98111 he p ro v ides Much th- same information contained in
, -m a r 1 979 .

AC R I TI QJ E : The i wo qroupo, compared in this study can be
z e as, a h ig h- e xposure and a Low-exposure group.

rorsos of these two groups with an unexposed group wouLd
.is' '-enqthened the study. The authors mention that they had

a Radir Exposure Index for the occupationally exposed
cnut rive no data. In Silverman (1979), presumabLy the

i'ie. : c is cal led the Exposure Hazard Number, defined as the
r of 10; power ratiiq, -.f att gunfire-control. radars aboard

e s hr r cearc h radar,, aboard the aircraft to which the
roco c ar n a ;si nn e 1, inu Lt ip L ied hy the number of months of

'7 l 0, 1 h e cl st Ib ut I or by Exposure Hazard Number of
ar> r' c3 t he 1,h r ee o ccuiipa3tions cominprising the

fi-er- ixns re a~u ird i( tes tha It the Fire Control. Technician
I' , i IF t- , In r Techriciaui categories had much

r U, I Pt nI I 1 j !u a IL; w ith high values of Exposure
2- r N- 1- i e c trini c s 7 echnician category, but the

t(A> t _'~n omrparison_,s of morta~ity data among
T~ i r I, a Tt a res I e1 t should a tso be noted that no

- i hri pon t he 1 iqh-exposure and tow-exposure groups
Mr n I ' A3t 3 ar P q 1 D escp it e th e se s ho rtc om in g s t he

o t i 3 stfudy s how no evidence for RFR-induced
or-f~ras- r- mortality fo. the hiqh-exposure group.
F I7R EN CLS : 0018-9211) P0/'01OC'-0O78 SiLverman, C
T D F ME C iG C STIJDIS OF M!CROWAVE EFFECTS, Proc. IEEE,

o ~ ~ ~ ~ * ,1 p. 8 8

A,-



7 vuii~,C., EPIDEMIOLOGIC APPR~OACH TO THE STUDY OF MICROWAVE
FFF ~ 9uI . N.Y. Acadl. Med., Vol. 55, No. 11, pp. 1166-1189

(1979
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i -a chi . v a M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION
Ij VARIOUS CCCUPATIONAL GROUPS

et at. (eds.), BIOLOGIC EFrECTS AND HEALTH
A: L .F -4 rCROWAVE RADIATION, Polish Meoical PubLishers,

,AA' ;a.., / ;. -_6'-2,7 (1';74)
* ',) Epijeniotogic, (4) Ocular, (5) Nervous system,

e o' Be a.; r a!, E n lo cr ' irll og ica , (9)

f2 .; ; "ph, ) : )g ,:al., (14) Review; IN-V14O; HUMAN
Behravioral and clinical manifes-alions of

,r..-.. v e c; c ress "

e tl r hth: M r a a,,e Cu; specified)

-- i A few mW/cm.2

; - ) Occupaci onaL tuni-,g and te;ting of
S/ r- .J l Lor up to 15 years

IMMARY: C iical -bservations are presented oB the
.; us two groups n workers en a.4,j;d in the

ti', tun r, and testi oq of diverse radic-equiprrent
- " raa ir in the microwave range, Both groups were

.p, W 7 iz , soect to sex and age, but differed ir:
a'.. arid duration of work. Young men with a

a rs -t , ry of empLoyment with microwave sources
, ,. r J 4n3 roth groups. Those in the first group (1000)

Sn -t uer ce of a power density of up to a few
T r sercd gro- (90) co prised pocopL, :xposed to

ru a0 ESe intens t .es, which, as a rule did no: exceed
' r a mW / cm . More s : n fi cant exposure

-,,, !c e , ir extremely she l per,- ods. Some
-n- i"e , .i,-j - ri - w-.-k cotuJd not be excLuded. A group of

.. . . ,d ,ith respect to sex, age arid character of
S :h id not invoLve exposure to microwaves,

e ,- rf 16 kinds of symptoms reported, the
, I , or the higher-power-density group in

..iqpt"- f-,,! the tower-power-density grouo in nine
." ,, equal in two cases. Values of symptoms

r. ,, r e tlss than those for at Least one of

(C' > . .- in aLL 16 cases. Symotoms reported
.... .. . .u ~abi Lity, sLeepiness, part1l L oss of

. . ,. ', r.yper e:nsic;n, hypotension, cardiac pain,
I M I " ., mi'r Lr. Eye examinations reveaLed opacities,

Sr r:ca Layer. The numbers of opacities for the

T i ' riot exceed controL vaLues. A few subjects
,t p wh o worked under unspecified "unfavorabte

ieii ;pet c itracts. Based on prior work as weLl

-. , - , he opa er, the "asthenic syndrome" is
a r. .e in the paper describes 100 cases

r! .," ur', t re text predi cts tittLe chance

4',



fo f ,Pcr .vor, ntes; e patien t i" removed from the work
, rI\,If 0nin el t

OTHER INfORMATION: None

FINAL CRITIQUE: Although figures are incLuded that show

percentages of changes in the 16 symptoms for the two exposure

groups and the control group (and standard error bars),

statistical treatments of the data are nct provided.

Consequently, whether any of the reported differences among the

three groups is statistically significant cannot be determined.

Also, sympto matology similar to the "asthenic syndrome" or

"microwave sickness" has not been reported in Western studies,

so it is difficuLt to accept these USSR findings at face value.

In the Light of the extensive research on RFR-induced ocular

damage, the incidence of cataracts in a few workers working

under "unfavorable conditions" must be interpreted as an

indication of exposure to power densities well in excess of the

threshold. It is also interesting to note that even though the

Dccupational standard for exposure to RFR in the USSR is 10

ricrowatts/cm.2 (Stuchly and Repacholi, 1978), the investigator

was able to locate 1,000 people who were exposed to values well

in excess of this standard for long periods of time.

REFERENCES: Stuchly, M. A. and M. H. Repacholi, MICROWAVE AND

RADIOFREQUENCY PROTECTION STANDARDS, in Trans. International

Microwave Power Institute: MICROWAVE BIOEFFECTS AND RADIATION

SAFETY, Vol. 8, pp. 95-101 (1978)
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, ., A . ;I < WAVF WORKE RS

.... , - . . B .)LUG C EFFECTS AND HEALTH

10 .W ,AV A r;D IA Y0ON , PLL h M eaicaL PubLisher s,

.i El iriemioloc'c, (4) OcuLa-, (5) Nervous system,
I /a Lc I N-VIVO; HUMAN

en, (&ar c )ff [.rr a. F G and ECG,
-mp t i : n t ,1

.h" . , " s " , i f  -d ralar frequenc ies

f -a er " c .r. L , ss th n 0.2 mW/cm.2 Av

T .' Tr_ h ri al I otatus and fitress for work of a

'q es ran,, i n f rom 0 -o 45 years was
Sa r, r,.... rr'r-. o ns, 50-t were o.cuoationaLLy exposed

- P e, c.recif c hj, raci.er ist c c "within the whole
r a,,, c oe er ar " r 'r A rq nr k ing hours at power

- . jm- . vera ' je r 2' ' -1.2 mW/cn.2 for 2 to

- Trie 0h r 334 oo- pns tCrour I ) were
t a r, 0.2 r 'c . T - group was used for

r ) :r-I . [ e u e of t r , f i c u L t i s i n
. cru t urn ex C, s eo rour w,,rk rg under otherwise

- .' - . n c, t K ro rs hygienic

r e ad i ntensity of

rit cl a n L ra se~e c
j f? t C . " l' - r r , .j rq iS

je t h.[ ii i, F., s o, r- o xI am n" a t i o n]I ?

. :Jut' a ; ,S.O. 2 xarnat o

~ c E.- ar, ac-
r , r r U w t h tt-

" 'rJ, -,. rop thalnic

.. ,, ~ ,s ,~I a, rointPSt na,
ISI~ n as

ri L S i i e a s 1,
I , I t he t wo g ro u ps o r

. b di rat ioi of

.- q'-.- a t ;" I fe-rences (at tihe

f -'I,. HowevePr withi n
. , :- £.--r ,¢t~ en (.t'n£ trainslucerncy

rn t .4 e n n an Luc r c
q c i r e L re o'i ,.s fu nd between tens

r t u G roup II. Additional

J i -U h i q n j iq n e irer of correLat ion

I . , 4r wa i i ven renarding possibLe

s ty a v e.ar avereaae rowcr density to which
S xp ru Th irt hor does indicate that
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the >.)dividuaLs "worked both in closed rooms and in the open,
observing typicaL individuaL protective measures according to
the rOguLations of work safety and hygiene existing in this
country." However, there is no mention of adherence to the
then prevailing occupationaL RFR exposure standards, which were
the same as those of the USSR until 1972 (StuchLy and
RepachoLi, 1978). In fact, the vaLue 0.2 mW/cm.2 exceeds the
maximum permissibLe LeveLs for a working day, indicating the
LikeLihood of non-adherence to that standard. If indeed many
of the individuaLs in Group I were chronicaLLy exposed to 1 or
2 orders of magnitude Larger than that vaLue, tnen the negative
findings of this investigation wouLd be an important
contribution. The Lack of more definitive exposure dal a
vitiates but does not negate the findings.
REFERENCES: StuchLy, M. A. and M. H. RepachoLi, MICROWAVE AND
RADIOFREQUENCY PROTECTION STANDARDS, in Trans. International
Microwave Power Institute: MICROWAVE BIOEFFECTS AND RADIATION
SAFETY, VoL. 8, pp. 95-101 (1978)
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I T "I' N X J P N ri A 0 FNTS OF CHILDREN WITH MONGOLISM

.,' - ', i<'n 3 r. Vo 11 ?, pp. 374-395 (1965)
' E i mio o ic, , Mutagenic an1 cytogenetic;

:N- \ 2; HtiAN

, d at 'on-'ondoced Down's Syndrome

c /n.s st h: IJnkr-n wn
i' ' nt ; r) L r.K W Jr

kn ow r)

,- -. .r r i' ari.y L o ionizinq radiation for
:1 j t (, purpcses

MA . As rz t of a n epidemioloqic study in Baltimore
of p-ren-s of both Mongoloid and control

r cr - xpo tjre to various types of

S, -r.. enterview technique and medical
I -v mrnstrated a st3tistical

-3 1 i, , a zion exposire and Mongolism.
V-, 4 r Fen were f:und to have a

- l, cur. IO Loth 'Luoroscopic and

-. uc the birth o' the index child.
.r ifcant differences 4n ionizing

e fathers of the Mcngol and

s ouroris~ng increase in radar
sig,7ficant number of fathers of

" - -- . ' siggost that maternal ionizing
fie n LF' ct g LogicaL factor responsible

A . m,. I s emphasized, however, that
I y one of several important factors

.. . . .. . , , 4 i O n "

'e 216 ca3e chi!.drert included were
liren +or hospital of birth (or at

b . (within 6 months', and nearly all
a l within 1 year) at time of birth.

v , by personaL inspection, the
r)n' . retarded and exhibited at Least 6

f- o r Mongolism, cr if at least 7 such

t li r c Ild' s medical record by a
' reo of the case ar, d control

F . c h eJ with regard to birthplace,

a .. m ent in Baltimore. Among the

-- * ,w j t.. 17.7% of the case mothers had one
i: ''0 ' , rr-. i," i,-rs pri or to the birth of the

S, - o: W 8.1% of the control mothers (p
14.5- of 'he case mothers reported

r. 'ros (mostly for skin ailments)

. t m,.)th rs (p less than 0.01)J

30



r

T ht t i 'e mothers worked in a professional or

t, in medical fields versus 3.3% of the control
• h*e (p Le,-,: th,3n 0.05). Regarding the fathers, 63.1% of

fathers and 56.6% of the control fathers had been in the

, ii ary (the difference was not statistically significant),

. at 8.7% of the case fathers had reported close association

yith radars as technicians or operators (both within and

oatside military service) versus only 3.3% of the control

fathers (p about 0.02). The authors concluded that "the only

cruly puzzling association is the suggested relationship

between Mongolism and paternal radar exposure", and that "one

can only speculate concerning possible mechanisms, but the

association between Mongolism and radar exposure deserves

further investigation."

FINAL CRITIQUE: The results of this study are reviewed

primarily for historical background because they were

supplanted by the results of a later, more extensive study by

Cohen et al. (1977)

REFERENCES: Cohen, B. H., A. M. Lilienfeld, S. Kramer, and

L. C. Hyman, PARENTAL FACTORS IN DOWN'S SYNDROME--RESULTS OF

THE SECOND BALTIMORE CASE-CONTROL STUDY, in E. G. Hook and

I. H. Porter (eds.), POPULATION GENETICS-STUDIES IN HUMANS,

Academic Press, New York, pp. 301-352 (1977)

I,
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(2) MUTAGENIC AND CYTOGENETIC

List of AnaLyses

~3Lackman, C. F.*, M. C. SurLes, and S. G. Benane
THE EFFECT OF MICROWAVE EXPOSURE OF BACTERIA: MUTATION
1 ND0U CTION
[~, C. C. Johnson and M. Shore (eds.), BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, U. S. Dept. of HeaLth, Education, and
Lwetfarp, Washington, D. C., HEW Publication (FDA) 77-8010..
pf;. 406-41.3 (1976)

Cutit-.n, B. H., A. M. LiLienfeLd, S. Kramer, and L. C. Hyman
PAPJ3NIAL FACTORS IN DOWN'S SYNDROME-RESULTS OF THE SECOND

BAL~r~RECASE-CONTROL STUDY
En . G. hook and I. H. Porter (eds.), POPULATION

j'*rr I CS-STUDIES IN HUJMANS, Academic Press, New York,
301-352 (1977) (See "Epidemiologic' for analysis.)

~.tS. K., W. H. Nelson, C. F. Blackman, and D. J. Brusick
QK. OF MICROBIAL GENETIC RESPONSE TO 2.45-GzC N .- T

.t-CHz PULSED MICROWAVES
,'112-27391/7910009-0)2?i5, J. Microwave Power, Vol. 14, No. 3,

275- 80 (19 79)

*13-rer, s, Y., H. OLofsson, A. Rasmuson, and B. Rasmuson
N.GA T IVE TEST FOR MLIIAGENIC ACTION OF MICROWAVE RADIATION IN

i P H ILA MELANOGASTER
18/70/10011--0217, Mutlation Res., Vol. 68, No. 2,

P , . ,F. C. Ue1 , , C. F. ReicheLderfer
.A CRGWAVE I"PC ON REPRODUCTIV/E CAPACITY AND GENETIC
-R'%SMISQ IN IN OPOSOPHILA MELANOGASTER

J ae Pr)o,;e t, V B t. 7 , No . 2 , pp . 7 5- 82 ( 1972)

/ * .. , ~ aM. Atienfe~d, B. H. Cohen, and

R~r;IATIC' CY"PGSURC IN PARENTS OF CHILDREN WITH MONGOLISM
R 0 M F)

~1L Jur.Hopkin'; Hasp., Vol. 117, pp. 374-395 (1965) (See
i j f? r,'n i r for anatysi3.)
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,2) MUTAGLNIC AND CYTOGLNETIC

i -, t of AnaLyses (cont inued)

vjrr,, M. M., and E. A. TrabouLay, Jr.
EVALUATION OF DOMINANT LETHAL TEST AND DNA STUDIES IN MEASURING
MUTAGENICITY CAUSED BY NON-IONIZING RADIATION
In F. C. Johnson aril M. Shore (eds.), BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, U.S. Dept. of HeaLth, Education, and

weLfare, Washinqton, D. C., HEW PubLication (FDA) 77-8010,

1);,. 386-396 (1976)

Varma, M. ri., E. L. Dage, and S. R. Joshi

MUAGENICITY INDUCED BY NON-IONIZING RADIATION IN SWISS MALE

MICE
In C. C. Johnson and M. Shore (eds.), BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, U.S. Dept. of HeaLth, Education, and
WeLfare, Waishington, D. C., HEW PubLication (FDA) 77-8010,

Q:,. 397-405 (1976)
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S , -f a. ar d G. Benane

, A I YW F 101, 1-I,) OF BACTERIA: MUTATION

. '": . '3'- ,'-- "ed .), BIOLOGICAL EFFECTS OF

. S- I, .' p ,t Hea th, Education, and
-_ H -L' P it ' ,a t on (FD A 77-8010,* .,' ,- rh FFCSO

31 c) :.c ,;eneti C, IN VITRO;

j a di .J gene mut .ti or to give

r e- • requ remcnt for arginine

. . 2. GH z

. nd m0 m/cm.2

. .17 4 Gnz: 15 and 70 mW/g

- < n.r-' n n × rsure of 3 to 4 hours
e r po! enti aL of continuous wave

.t 2 an 2.45 GHz was examined

, -. " , ccLi, which can be used to

s- , '- er e m titi ons. Log phase cultures

". e .. Laced in 35-mm diameter sterile
. f(. i rradiated for 3 to 4 hours

a - 4 GHz were conducted at far-field
- ,i/cm.., which correspond to

, n ri 70 W/kg, respectively. Exposures

- t -ns' ty of 88 V/m, were

7 P .iJ t. - ,i al;,-.urLed dose rate of 3 W/ kg.
' ,c i on was optimized by exposing

- o-!e cc '- ete DNA repli cation

"... ., s us.n uLtraviolet Light
n n.-t1 a! survi vaL curve and

c r , no rutageni c activity could be
S-w- ave f requtency under the

I t . rgan srn is descri bed as requi ring
j .gi 1ne, metni oni ne, and

"t td tti o- n to argirine-independence was

". is based on determining the

.... i n i- r .mt:,er of telL doubtings) and the

P - 9,, t .-, s per 100 milLion cells at

, e it 'er exposure frequency

- tar ts over control values

-- 'r w c ) for any duration of

e " r. n t ai ni nq the cuLtures were
.- hmher at 35 deg C. Control

r a me ti me as irradiated cultures,

.. ...rra il at i of by being wrapped in
W j a i t e L ,easurement of temperature

I.I

-. 4.



, ther radiated or control cultures during the exposure,

; Iih it the power densities employed, there must have been

- tn, ri3o in temperature in the irradiated cultures. While
'hi,; ptobab[y does not affect the conclusion concerning absence
,)f mj agenic effect, it opens the results to quibbling. It
couLd be argued, for instance, that the radiation did produce
mutants, but that the mutants were selectively kilLed by higher

temperatures in the culture. In the positive control for
mjtation production, using UV Light, exposure at between 40 and
75 JIm.2 produced 500 mutants per 100 million surviving cells
per J/m.2. This exposure level may be compared with the
mi crowave exposure levels that failed to produce any mutations.

57I
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or.r a r3aikmar,, and D. J Brusi ck
T' " C, ;. 45-HZ CW AND 8. 5-- TO

Sw r, v o 1 4, No. 3,

- n. ryrorenet C, IN VITRO;

- TR . N D4, ANtD SALMONELLA TYPHIMURIUM,

4 z a(,(, . -9.6 GHz

5 6.6 GHz: pulsed
- mW/rm 9 .5-9.6 GHz, 1-45

-Y .. . o t stated
- 90 mri or Sa[mone tla

~~~~ c--eltr (uen c .

.t :, e st Saccharomyces

T A .- "1 00 , andn TA-98 of the

r, -.r e e xposed to 2.45-GHz
6, 1 pi sed e~ectromagnetic

-P. - e-. "es from 1 to 45
a oi' . jr, was maintained at 30

- r . £s-j' bacteri aL
: ea se n m tations or of

r ; fe e 'adi ateJ for two hours

- " eus wa noted in aLl
a -,e - ' " t i ti es of 30

-: 7- "ru - c h a, e P genet i c

a " tct and the methods
i_ - tai ned -it 30 and 37

S ce -arp e re in the yeast

io _! sq -"rtdi - ti n at 9.0 GHz.
C .d !3 we-e not stated.

h. a b'ut stati st i cs. They
- e n e .r s per

:4 h e n r there a
-) a es cunted or mutations

,f m "rowaves in terms of
e :er' i ntrot, and state

-. tio of 2.0 to 3.0
.ndicates mutageni c

f -ch a procedure by

,v -. w -- f the effects of

- (TabLes 4, 5, and 6) shows
T .i or i rradiated cells is

. ...r ;, n in the case of

Sr , h-e f f orference may be
t ht, ).jt h ),s



I
Results at 45 mW/cm.2 for TA-1535 and TA-98 cells are not,iven. The conclusions of the study, that microwaves do notnhijr muttions, would be much stronger if enough data onculture temperatures and mutation counts were incLuded.
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d mneri us , , H. O(ofsson, A. Rasmuson, a,,d B. Rasmuson

4 NEGATIVF TEST FOR MUTAGENIC ACTION OF MICROWAVE RADIATION IN

L)ROSOPHit.A MELANOGASTER
- Mutation Res., VoL. 68, No. 2,
21) 7 2 - ? -I - ( 1979]

SI td '/rey (2) Mut~igeni c and cytogeneti c; IN 'JVO,

PROSOPHILA MFLANOGASTFR

e- S r e omati C mutati on
F' ~'~q'~' -nqtn: 2.45 GHz

- : ,r ' bs ~ Not stated

S"sIt : Single exposure of 6 hours duration to

, , R r9S FRA r' Ri rrcwav-e radi ati on (?450 MHz CW) was tested

t l ei 1 t i7 D rosoph i a meLanogaster. Embryos in water

. the electroragneti c fietd with a mean specific
e <f 1 00 Wik9. A sensitive somatic test system

.1: ,:se.. n w i ch mjtaoeni city was measured as the frequency
s)oiati n dttions for- eye oig mentation. With the test

-c- , mi c1 ,;ax's 1id not show any mutagenic activity.
Q THR j , ,iMAT lN: A Jetailed 3escriptlon of the design of the

cr'vxr' S.er 5 qi VE-n. The chamber appears to be very
f o r -c: -) ave rradi ation of this type of material.

SN C RIT QIdE- This is an exceLLently designed and executed
''s ci-. Af _ confounding parameters, including

" e .,, r , j, -,ave been adequateLy controlLed. The study
,.,; 4 . • _ - idi ation as a positi .e controt. A dose of
,d -, ,rol e 1,t,-t) -ms i*n 2.75. of the animals. The

" , i -1,t t het the mutagenic effect of as tittLe as 50
A hoe,; -liab.y detected under the conditions of

z) sence of mtageni c effect of the mi crowaves in

Hf)



, . L., E. C. Beyer, and C. F. Reichelderfer

MICROWAVF EFFECTS ON REPRODUCTIVE CAPACITY AND GENETIC

TRANSMISSION IN DROSOPHILA MELANOGASTER

J. Microwave Power, Vol. 7, No. 2, pp. 75-82 (1972)
Study type: (2) Mutageni c and cytogeneti c; IN VIVO;
DROSOPHILA MELANOGASTER
Effect type: Reproductive characteristics; recessi ve lethaL
mutati on

Frequency/wavelength: 2.45 GHz
Modulation: CW (?)
Power Densities: 6.5, 5.9, and 4.6 W/cm.2 (computed)
SAR: Not stated
Exposure conditions: Single exposure of 45 min duration to
0-24 hour oLd maLes
AUTHOR ABSTRACT: In order to assess potential viability and
genetic alterations from microwaves, male fruit flies
(D. meLanogaster) were exposed to 2450 MHz radiation within 24
hours after ecLosion. Three separate groups of five flies
contained in acryLic capsules were placed at an 18 cm target to
aperture distance for a 45-minute period with forward powers of
2.1 kW, 2.75 kW, and 3.0 kW, respectively. Immediately
post-exposure, each male was mated with two Muller-5 virgin
females. Each male was removed every 24 hours and remated with
two additional Muller-5 virgins serially for 15 days.
Generation times were observed, and each brood was scored for
numbers of males and females on day 17. The generation times
were similar for irradiated and controls. The ratio of males
to females showed an equivalence among the control, 2.75 kW and
3.0 kW groups. There was a significant increase in ratio of
males to females in the 2.1 kW group. The Muller-5 cross was
carried through an F-2 to evaluate recessive lethal
mutagenesis. Ten controls and fifty irradiated F-I pairs from
the total daily broods were randomly mated. The numbers of
'Irradiated "X" chromosomes evaluated allowed detection at
frequencies greater than 1%. No recessive lethal mutations
were found at that level of detection.
OTHER INFORMATION: Power densi ties used for exposure of the
fLies at 18 cm were determined by measuring the values at 200
cm from the horn and applying gain (orrecti on factors that
ignored the oscillatory on-axis variations of power density
with distance in the near fi eld .
FINAL CRITIQUE: There is no discussion by the authors of the
temperature rise in the flies produced by the rather
considerable power densities applied over a fair' y long time
span. in the introduction they cite a study in which the
Larvae of Drosophila were exposed to 0.3 and 1.0 W/cm.2
radiation at 2.45 GHz. Without special provision for cooling
the 1 3rvae, the 1.0 W/cm.2 power density killed 50% in 10
minutes. The present study does not mention cooling provision

6 1



f or the fI i es, so we p re; u oo. wii; provi .(d. The

resuLts suggest that t ie i d ! t t i ,, are ccnsiderably more

heat-resi stant than the j rv.j F or the f t s Pxposed to 2.75

and 3.0 kW (6.5 and 5. Q W!/I in ). r e t , no effect of the

radi ati on on brood time, ru, ri z e, or sex ratio of the brood.

For t he fL i es e xp o sed t , . , (w/4 . W / cm . 2 ) t he number of

femaLes in the brood, wa , hi qh r than expected at a I breeding

days except the second da y te r i rrad ati on. The ,tatement in

the abstract is that the ri ilmi!) r fr fema1, was r ower than

expected. Genetic damage to (he X-c hr'mo )inc mes in the exposed

males would reduce the expected numbe r of fe naes; hence, the
finding of increased numnbr o m" a I-- Je mmro ,t r tes the absence

of damage to the X-chromoscm-. F-1 p roqen y w e r mated to
detect recessi ve mutat1 ons I t !- F- nenera i on. No mutations

were lound. It can be concLuded that the mi cr-)wave radi ation

at 2.45 GHz was nonmutageni c for Dro- oohit.a, lowrn to the Limit

of detecti on (ci rca l'%).



1 )ma, M. M., and E. A. Traboulay, Jr.
EVALUATION OF DOMINANT LETHAL TEST AND DNA STUDIES IN MEASURING
MUTrAGLNICITY CAUSED BY NON-IONIZING RADIATION
:n C. C. Johnson and M. Shore (eds.), BIOLOGICAL EFFECTS OF
ELECTROMAGNEtIC WAVES, U.S. Dept. of Health, Education, and
we fare, Washington, D. C., HEW PubLication (FDA) 77-8010,
op. 386-396 (1976)
St idy type: (2) Mutagenic and cytogenetic; IN VIVO; MOUSE
Effect type: Dominant Lethal mutation; changes in physical
prnpe'rties of DNA
re jiency/waveltength: 1.7 GHz; 0.985 GHz

'-Id ' at on: CW
,lower Densi ties: 10, 50 mW/cm.2
sAR: Not gi ven
txocsjre conditions: 50 mW/cm.2 for 30 min, 1.7 GHz; 10
mW/cm.2 for 80 min, 1.7 GHz; 10 mW/cm.2 for 80 min, 0.985 GHz
AUTHOR ABSTRACT: Fifty six-day-old Swiss mice were exposed to
microwave radiation. In total, two dominant lethal tests (DLT)
and three DNA studies were conducted. Two separate DLT and DNA
studies were performed at 1.7 GHz. The testes of the animals
were exposed at 50 mW/cm.2 for 30 minutes, and at 10 mW/cm.2
for 80 minutes. In the third experiment, DNA studies were
zonducted at 0.985 GHz, 10 mW/cm.2 for 80 minutes. In the
dominant lethal test, mice exposed to 1.7 GHz, 50 mW/cm.2,
showed that mutageni city was significant at the 99 percent
.eve in the fourth, fifth, and sixth weeks. The parallel DNA
study showed a change in the Tm from 87 deg C in the control to
85 deg C in the irradiated group, with subsequent changes in
the based compos; ti on, and asymmetry rati o. In the second
dominant lethal test, mutagenicity was signifi cant at the first
99 percent Level in the -ifth week and at the 95 percent level
in the first, second, third, and sixth weeks. The parallel DNA
study showed changes in the Tm, base composition, and asymmetry
ratio. The third DNA study showed similar changes. The change
in the opti cal density of the irradiated DNA supports the
possibi 'ity that irradiation causes strand separation and
reflects a decrease in hydrogen.
OTHER INFORMATION: Irradiation was performed in an anechoic
chamber. The author describes methodology for determining
power density at near-fietd distances.
FINAL CRITIQUE: The tables contain some errors of tabulation.
:n addition, the value of chi-square for differences between
experimentaL ani cortrol values is incorrectly calculated, and
the chi-square Limit values for 5% probability are incorrectly

stated. Whon the values of chi-square are correctly
ca!,c.jLatjd, there is a significant difference between
exoerimental and control values for the overall study at both
50 mW/cm.2 for 30 min and 10 mW/cm.2 for 80 min (1.7 GHz), but
not for most of the individual weeks post-irradiation.
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ir r ". M. . Dag , and S. H. Jotshi
,"TITAGFNICI[ Y INPUCED BY NON-IONIZING RADIATION IN SWISS MALE

iri . C. Johnson and M. Shore (ed,-.), BIOLOGICAL EFFECTS OF

? L ('TROMAGNETIC WAVES, U.S. Dept. of HeaLth, Education, and
Wet tar,, Washington, D. C., FIEW PubLication (FDA) 77-8010),

,p. 397-405 (1976)
, tud, type: (2) Mutagenic and cytogenetic; IN VIVO; MOUSE

Et fest type: Dominant LethaL mutations

Frequency/waveLeneth: 2.45 GHz
o duL at ion: CW

Power Densities: 100, 50 mW/cm.2
SAR: Not given

E ,ox ure conditions: 10 min exposures; 100 mW/cm.2 1 time;
,.1 mW/cn.2 3 times in 1 day or 4 times in 2 weeks

AUTHOR ABSTRACT: Testes of maLe mice were irradiated with
,; aves, at 2.45 GHz in three experiments: (1) at 100
1 '.2, is inqLe exposure of 10 minutes; (2) at 50 mW/cm.2,

flro , x o s rPs of 10 minutes each in one day; and (3) at 50
w !ci -our exprosur'es of 10 minutes each durinq two weeks.

Tr ,atv rate-, were tested by the dominant Lethal assay for
cttvr v matini them with untreated femaLes for six
eiti l tv was, impaired foLLowing irradiation but

7uta ',,r i i t id,,,Juced was signi fi cant Ly higher subsequert to
.ins e ex'o ur e and multipLe exposures during one day. No

o *',ts were oLerved when muLtipLe exposures were extended
Sv r- a ner id o f t ' WO k s, ' sun i e s ing that hi gh-LeveL acute
;:a,) ares are pote'ntiaLLy more razardous than chronic exposures

jt Lowe r :,ower densities.
THER INFORMATION: None

F IAL CRITIQUE: There were , deaths during exposure 5/15 at
100 mW/cm.2, 5/16 at 50 mW/ciT,.2 3 times in 1 day, and 3/24 at
50 mW/cm.2 4 tim-s in 2 weeks. Tie authors do not discuss the

e of death. The animaLs were supposedly shieLded from
:,icr-)wave exposure except for the testes, so the deaths may
nave been due to other causes. There is no mention of deaths
in controLs. There appears to be an error in the computation

, q-snuar,, for the difference in incidence of mutations

: we, w 1 rJr i at ed and controL oroups. When the vaLues of
,, -, uare were recaLcuLated by the reviewer from the data

,howri, there er e no -, ignificant differences between irradiated
anrd sentroL ,iiimaL-, at any of the dose schedules empLoyed,

t r- , qVprIi 1 or. at individuaL weeks post-exposure.
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(*L) OCULAR

L t u f Ar L/ L e c on t in u e d)

M M. N.
L INI ,L fMANIFES1ATIONS OF REACIIONS TO MICROWAVE IRRADIATION

RU LU 0 C(UPAI IONAL GROUPS

C .r o ,L. (eds.), BIOLOGIC EFFECIS AND HEALTH

C)R 0 i 7I( RUWAVE RADIATION, PeL i,,nh MedicaL PubLishers,

-61-267 (1974) (See "Epide'nioLoaic" for anaLysis.)

- DY TH HEALTH STATUS OF MICROWAVE WORKERS

r . - et ,ji-. (eds.), BIOLOGIC EFFECTS AND HEALTH
P iM CROWAVE RADIATION, PoLish MedicaL Pu L i shee ,

273 -)80 1974) (See EpidemioLoi c for anaLye is.)
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)H' -) Kinior,, M. Sol es
M ,. N i di ". er

v 'Y • ",. S Ff' IN HUMANS
:..~ ~ ~ ~~~~~~f _, .-... . ,c , p. ?5-5 ,17

t c i r E p i £pdemi oc4 c; IN-VIVO; HUMANS

, r- q- tit q s, vacut ac, and t fst-er,.

,;,C j~h . N f' t? G e 'b ,

N (qiant ed

' 9 1 nA' 0•in vi p lectPd or thP basis of

p I Ia eLos i'o to microwaves were

.,ruc~~-~.~l x3 mrnat or of the tens. ContrA
.,m ,,d 1o q w4 th them, the examiners
r-, T e cos u r h stor/ of any examinee

.- H.. . . . " . ObIective evuiderce of Lens

. or r) s pOSte'rior sub apsu ar

•. a compar inrr made between the two

v " vrienc,. The comparison showed

c F e r I the same and dia not support

r araqe is occurring n the

c i count cv Instead, t tended to

" " r l t t he exi tn1q saf ety level of 10

e .e ented in th s paper were

. r m- t ta rY and i v -. an per s rc n e

- et's) at five Army statiorns

3 V '? k 4 Dinent. T he test and control

s o e cnTel 5Y he Lval Ji rector of

Ca r h j -(I C t '1 3 , ored e ( the

e pre n ce or absence o each
r e r than on magrn tude scales.

- - r e t r o s e c t i v c e p id em o o c
- -,-,i_ 'r . t,t e irifnrmation on RFR

,h.- ,-,,.-ce dprns~t~er, ,djrat[iors, and ,other

6 - KiflO. Ct hest, it can be said tha

,orar' were exposed to

f. . H-- rD Cu.r densities and Lonqe r

0 n - r 0t g rcijs, and that it is
p r w "c p wa7 e v e x po s ed t o
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C ei , S. i: i . S . PFasterr)ck
LENfICULAR CHANC;ES IN MICROWAVL WORKERS-A STATISTICAL STUDY
A :. trv', ,F. rtv th, ul. 1?, . 23-29 (1966)

" ype: u4) Ozuar, (1) Epidemiologic; IN-VIVO; HUMAN
Etff ., tvp,: Ocul( ar damage from occupational exposure to RFR

F rte,,Pr n -y! ave[ ength: Unknown
Modut at on: Unkoown

Po.er Densities: Unknown

SAR: Unknown
Exposure conditions: Occupational exposure at 16 microwave

-rsta at ions

AUTHOR SUMMARY: An analysis of the relative incidence of lens

chances in a sample of microwave workers and a control sample
revealed a statistically significant increase in rate of
accumulation of specific types of defects in the Lenses of

microwave workers. It was also noted that specific areas of
microwave work specialization differ in regard to incidence of

lens defects and correlations with microwave exposure
parameters. Since the number of defects increased

signiticartly with age in the control group as well as in the

group a' microwave workers, this process may be interpreted as
1nd cat ing Lens aging. Occupational exposure to microwave

radiation may ce implicated as a stress which increases the
rate ft ;.ens aging although it is impossible at present to

relate this effect to functional imp.qirment such as Loss of
visual aculty ., cataracts. Further investigations of the

basic rechariisme of cataract induction, as mediated by exposure
-" e..ctromagnetir radiation, are necessary to determine the

f ic~nce the re onship between occupational exposure
r s er amaqe.

('I E IPVORMATION: Detai; -d occupational histories were

)L! ain-1 -fc) r curresily empl oyei personnel at 16 microwave
instai .Ajions by using a microwa'e questionnaire. A group of
- 6 w.o r ,, t ,_ c u ;: ,if -on all xpos :,d to RFR was selected for
btuijy ,a i not n er grtn) o oi 5',9 individuals from the same

0 a t ncc .,,I. -, ,(upational environments (other than RFR) was

-f ru rol . Both groups were given slit-lamp
r.-.,,, c9 on , an: each person was graded for subcataractous lens

classifieJ as minute defects, opacification, posterior

po a' fe's r( lucency, and sutural defects on a scale from 0
'i ('i chanqes to 3 for large numbers of changes.

A "ye c, re onslstinq of trie unweighted sum of scores for

- e ,)f defect wa; calculated. A relative exposu.-e score
we' w irni based on weight,, given to the types of microwave
-q.. :pm " voived, distance from equipment during operation,
du-,1 1 ' , - work with each type, 3nd other relevant
chi-lr -,'- tics. Stat'sticaL treatment of the data indicated

.iat e qe distribution of the exposed group differed
nfl',3'i t ,y from the control group and that both groups



c L e n s ans as determined from
ri h s ,e irnve t jators were abIe to

.. Tll (at Les than the 5% Level)
. L,, 'posed group in opaci ficat lorns

,Hever. the/ state that r,o
.os ot v suaL scuity or increased

Si n !,a ve been associated with

. L r-' ;, L, or probLems with th"s study were
j I .S, , ... i between h c exposed ard

: rJ 'J( L e; irn t, changes in botn groups.

Sr , c e a h i d ividuaI for lens changes on a 0-3

U S e or :i;i,p, Le composite eye score are

r e evidentLy not associated with actuaL
a u , t n the individuaLs examined.

IL a L -, L ynaLyses based on such measures can

" , a , t' repurted statisticaLLy signl ficant
e t-, enose, and controL groups are of

ct aL. (1965) also performed a

. ,, ye eP dem i0Logjc study of radar workers, with

S . B. S. Pasternack, and G. W. Beebe,
- 1 - C IN ADAR WORKERS, Arch. Environ. HeaLth,

1" -b/ 165
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CLeary, S. F., B. S. Paster'nack, and G. W. Beebe

CATARACT INCIDENCE IN RADAR WORKERS
Ar nr. E rlr,') r. Hea th, VoL. 11, pp. 179-181 (1965)
Stud, t-pe: (4) OcuLar, (1) EpidemioLoqic; IN-VIVO: HUMAN
Effect type: Ocular damage from occupational exposure to RFR
Frequency/waveLength: Unknown
ModuLation: Unknown
Power Densities: Unknown
SAR: Unknown
Exposure conditions: In military service during WorLd War II,
and the Korean War
REVIEWER SUMMARY: This paper describes a retrospective study
of cataract incidence in Army and Air Force veterans of World
War II and the Korean War to determine whether such incidence
m3y be related to occupational exposure to RFR. A preliminary
study indicated that a sample of about 2,500 cataract cases and
a controL group of the same size would be sufficient to permit
detection of a twofoLd increase in relative risk with a
probabiLity of 80% at the 5% LeveL of significance.
Examination of Veterans Administration hospital records yielded
2,946 veterans born after 1910 who were treated for cataracts
during the period 1950-1962. A random sample of 2,164 veterans
hospitalized during the same period for other ailments was
selected for control. The miLitary record of each person was
abstracted to determine his military occupational specialties
(MOS) which were used to categorize him as either a radar or
nonradar worker. Of those with cataracts, 19 were classified
as radar workers and 100 others could not be classified as the
basi', of their MOS; of tho ,e without cataracts, 21 were
cLassified a,- radar workers and 83 others could not be
cLa ssi f ied. T nse number . > ieLded an overalL relative risk
factor of 0.67, with unity representing no increase in relative
rit;k anI value . arger th in unity representing the degree of
severity of the effect. Examination of Air Force data
separately yieLded a ri sk factor greater than 2, but at a
;innificance Level greater than 10%. The authors indicate that
there were too few cases to draw any inferences. An analysis
of all the data by age grouping suggests no alteration in the
age-specific incidence of cataracts due to RFR exposure.
OTHER INFORMATION: The authors point out the limitations of
,,uch a retrospective analysis, e.g., the difficulties in
arr iving at unequivocal conclusions regarding the relationship
between the aqent and the ailment of interest. They also
,r vide several reasons why the negative results obtained
corn.titut, good evidence against the importance of ordinary
ors:,,at rnriaL ,xrosure in producing cataracts, but add that
th,, re ~ts; may not represent possible risks to present-day

a V ;a t ior a I expo ure Leve1s because the equipment used then
ii L-- rowerfuL than those in current use. In a subsequent
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study (Cleary and Pasternack, 1966), an endeavor was made to
assess cataractogenesiS risk at then current RFR exposure
levels.
FINAL CRITIQUE: Subject to the limitations of this kind of
epidemiologic study, the results provide no evidence that
occupational exposure to RFR because of military service is

cataractogenic. Regarding the point about the current RFR
power levels being higher than those used during World War II
and the Korean War, it should be noted that our knowledge about
RFR cataractogenesis, particularly the threshold power
densities necessary, has also grown significantly, and suitable
safety regulations and precautions are in effect, to avoid the
occurrence of cataracts from acute RFR exposure, such as the
relatively few cases documented in the literature that
presumably occurred because of ignorance.
REFERENCES: Cleary, S. F. and B. S. Pasternack, LENTICULAR
CHANGES IN MICROWAVE WORKERS-A STATISTICAL STUDY,
Arch. Environ. Health, Vol. 12, pp. 23-29 (1966)
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iuy, A. W., J. C. Lin, P. 0. Kramar, dnd A. F. Emery
EFFECT OF 2450-MHZ RADIATION ON THE RABBIT EYE
0Pl8-948flI7i/0006-O492, IEEE Trans.. Microwave Theury ar~d
Technuiques, Vol. ?3, No. 6, pp. 492-498 (1975)
Study type: (4) Ocular; IN-VJIVO; RABBIT
Effect type: C ataractoqenic 1,nhresholds, ocular SAR
J is t r ib u t i o n s
recquency/wavetength: 2.45 GHz

Modu tati101: CW
Power Densities: 100, 200, 300 mW/cm.2
SAR: 0.92 W/kq per mW/cm.2 Pk no vitreous body
Exposure conditions: Exposuire of right eyes to various
combinations of power density and exposure diurations, with Left
eyes serving as controls
AUTHOR ABSTRACT: The cataractoclenic effects of near-zone
?4 P-MHz radiation in rabbits are presented. The power
d po-)ition pattern inside the eyes and head of rabbits has been
determried using a thermocouple technique. It was found that a
peak absorption of 0.92 W/kg occurred between the Lens of the
eie 3nod the retini for each milliwatt/square centimeter
incident. Time and power-density studies indicated a
cataractoqenic threslhold of a 150-mW/cm.2 incident, or 138-W/kg
n e ak a b sor p t ion hehind the l ens for 100 min. The thresho'Ld
tme Jc re a s ed w i th i nc re a sing p owe r dens it y. A gr eemen t
between in vivo inltraocular temperature measurements and

firiteel~meutcomputer predictions reinforces the suggestion
of a :nierma! mechanism for microwave-induced Lens opacities.
(d'iFR INFORMATION: Measurements of intraocular temperature

cw' ensity, from which the SAP variation with depth was
te.Ats -, tem:oeratures were taken at a fixed depth in

"P *r.,,qj, ody immediatelt a' ite'- 5-mmn intervals of RFR
exposure- *': 100 mW/cm.? for 61) min, 200 mW/cm.? for 35-40

-ri i A-ji mW/ cmn. ? f or 3 0-!_'5 ii .r Vitreous equilibrium
ent~atNCSwere reached in 15-20 min and were 41 deg C for

ry W/cmr.? ind hiigher for the other two power densities. A
c~:(~r modcol of the eye that agreed well with the

,n o rie n t , at 100, ?00, and 300 mW/cm.? was used to determine
v~j- of inteormediate power densities.
FINA;L CRITIQUE: The results are in substantialL agreement with

eo ") C arpenter anid Van Ummerson (1968) regardi ng t he
ex!srcnce, for 2'.45 GH7, of a threshold power density of about
1S'() nw/cm.? for .,ingle exposures of approximately 40 to 100 min
diuiat-ucn. Fpecause of the reciprocal relationship between power
l,(-ysi .: -er-xposure duration for ocular damage, This threshold
ia!.uo b* e applicable to exposures of Longer duration than
1 () mu - Innis, the results can be taken as evidercp supporting

r~e r rnt on hatchronic exposures (single or multiple) to
lor)c es ities well below this threshold would not be



a t .i( t 0oge n I c
RCIERENCES: 0022-2793/68/0003-0003, Carpenter R. L. and
CA. Van Ummerson, THE ACTION OF MICROWAVE POWER ON THE EYE,
M, -rowave Po.,aer, Vol.3 Na. 1, pp. 3-19 (1968)



McAfee, R. D., A. Longacre, Jr., R. R. Bishop, S. T. Elder,
". 6. May, M. G. Holland, and R. Gordon

ABSENCE OF OCULAR PATHOLOGY AFTER REPEATED EXPOSURE OF
UN4NESTHETI7ED MONKEYS TO 9.3-GHz MICROWAVES
rlO?)-2739/79/0003-0041, J. Microwave Power, Vol. 14, No. 1,

op. 41-44 (1979)

Study type: (4) Ocular; IN-VIVO; MACACA MULATTA

Effect type: Cataractogenesis
Frequency/wavelength: 9.31 GHz

Modulation: 0.5 microsec pulses

Power Densities: 150 mW/cm.2 Av; 286 W/cm.2 Pk

SAR: Greater than 15 mW/g in saline phantoms

Exposure conditions: Daily exposures of up to 20 minutes for a
total of 30 to 40 sessions over several months

AUTHOR ABSTRACT: Unfettered monkeys (Macaca mulatta) have been
trained to expose the face and eyes to pulsed microwave
radiation at a frequency of 9.31 GHz and an average power

density of 150 mW/cm.2. Performance of an operant response

required the monkeys to maintain the head within the field of

the radiation source. Twelve monkeys were individually
irradiated during 30 to 40 sessions and then were observed for

a period of one year. No deleterious effects such as cataracts
have been observed.

OTHER INFORMATION: Although the 12 monkeys were divided into

irradiated and control groups of 6 each, both groups were
irradiated. The authors indicate that an additional group of
75 monkeys that were not irradiated or sham-i rradiated is

serving as the control population for cataractogenesis.
FINAL CRITIQUE: No cataracts or corneal lesions were seen in

any of the 12 irradiated animals up to 12 months after

exposure. Because the findings were negative, the lack of a
sham-irradiated group is not as important than if positive
effects were obtained. Based on the information furnished,
which does not indicate specific exposure durations per

session, temperature elevations in the eye cannot be estimated

with any confidence. The authors cite a 3 deg C rise in 150 ml
of saline for 15 min of exposure. Even if this result is taken

as a coarse estimate of mean ocular temperature rise in a
monkey, such a temperature increase would be unlikely to cause

thermal ocular damage. (Guy et al., 1975, provide evidence
that a rise of at Least 5 deg C is necessary.) The primary

contribution of this research is the finding of no ocular
damage in unconstrained, unanesthetized monkeys from multiple

exposures to pulsed RFR (9.3 GHz) for a mean duration of about
15 min per session and totals of 30 to 40 sessions (one per

day) at an average power density of 150 mW/cm.2. This value is
within the range of cataractogenesis thresholds for single

exposures of rabbits to CW RFR at 2.45 GHz for durations up to
100 min (Guy et al., 1975; Carpenter and Van Ummerson, 1968).



It should be noted that the locus of maximum temperature in the
eye, not determined in this investigation, would be closer to
the surface of the eye for 9.3 GHz than for 2.45 GHz.
REFERENCES: 0022-2739/68/0003-0003: Carpenter, R. L. and
C. A. Van Ummerson, THE ACTION OF MICROWAVE POWER ON THE EYE,
J. Microwave Power, Vol. 3, No. 1, pp. 3-19 (1968)

0018-9480/75/0006-0492: Guy, A. W., J. C. Lin, P. 0. Kramar,
ana A. F. Emery, EFFECT OF 2450-MHZ RADIATION ON THE RABBIT
EYE, IEEE Trans. Microwave Theory and Techniques, Vol. 23,
No. 6, pp. 492-498 (1975)
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(5) NERVOUS SYSTEM (GeneraL)

List of Analyses

KaLyada, T. V., P. P. FukaLova, and N. N. Goncharova

BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHz RANGE
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH

HAZARDS OF MICROWAVE RADIATION, PoLish Medical PubLishers,
Warsaw, pp. 52-57 (1974) (See "Epidemiologic" for anaLysis.)

KLimkova-Deutschova, F.

NEUROLOGIC FINDINGS IN PERSONS EXPOSED TO MICROWAVES

In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,

Warsaw, pp. 268-272 (1974) (See "Epidemiologic" for anaLysis.)

Pazderova, J.

WORKERS' STATE OF HEALTH UNDER LONG-TERM EXPOSURE TO

ELECTROMAGNETIC RADIATION IN THE VHF BAND (30-300 MHZ)
Pracovni Lekarstvi (in Czech), Vol. 23, Nn. 8, pp. 265-271

(1971). EnqLish translation: JPRS No. UDC

616-001.228.1-057-07 (1971) (See "Epidemiologic" for analysis.)

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION
IN VARIOUS OCCUPATIONAL GROUPS

In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 261-267 (1974) (See "Epidemiologic" for analysis.)

Siekierzynski, M.

A STUDY OF THE HEALTH STATUS OF MICROWAVE WORKERS
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,

Warsaw, pp. 273-280 (1974) (See "Epidemiologic" for analysis.)
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(5) NERVOUS SYSTEM (Auditory Effect)

List of Analyses

Cain, C. A. and W. J. Rissman
MAMMALIAN AUDITORY RESPONSES TO 3.0 GHz MICROWAVE PULSES
0018-9294/78/0500-0288, IEEE Trans. Biomed. Eng., VoL. 25,
No. 3, op. 288-293 (1978)

Chou, C.-K. and R. Galambos
MIDDLE-EAR STRUCTURES CONTRIBUTE LITTLE TO AUDITORY PERCEPTION
OF MICROWAVES
0022-2739/79/0012-0321, J. Microwave Power, VoL. 14, No. 4,
pp. 321-326 (1979)

Chou, C.-K. and A. W. Guy
MICROWAVE-INDUCED AUDITORY RESPONSES IN GUINEA PIGS:
RELATIONSHIP OF THRESHOLD AND MICROWAVE-PULSE DURATION
0048-6604/79/1112-S029, Radio Sci., VoL. 14, No. 6S,
pp. 193-197 (1979)

Chou, C.-K., A. W. Guy, and R. GaLambos
CHARACTERISTICS OF MICROWAVE-INDUCED COCHLEAR MICROPHONICS
0048-6604/77/1112-S030, Radio Sci., VoL. 12, No. 6S,
pp. 221-227 (1977)

Foster, K. R. and E. D. Finch
MICROWAVE HEARING: EVIDENCE FOR THERMOACOUSTIC AUDITORY
STIMULATION BY PULSED MICROWAVES
Science, VoL. 185, pp. 256-258, 19 JuLy 1974

Frey, A. H. and E. Coren
HOLOGRAPHIC ASSESSMENT OF A HYPOTHESIZED MICROWAVE HEARING
ME CHAN I SM
0036-8075/79/1012-0232, 2cience, VoL. 206, pp. 232-234, 12 Oct
1979

Frey, A. H. and R. Messenger, Jr.
HUMAN PERCEPTION OF ILLUMINATION WITH PULSED
ULTRAHIGH-FREQUENCY ELECTROMAGNETIC ENERGY
Science, VoL. 181, pp. 356-358, 27 JuLy 1973

White, R. M.
GENERATION OF ELASTIC WAVES BY TRANSIENT SURFACE HEATING
J. AppL. Phys., VoL. 34, No. 12, pp. 3559-3567 (1963)
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Cain, C. A. and W_ J. Ri,,,man
MAMMALIAN AUDITORY RESPONSES 10 13.0 GH., fliP0WAVL PULSES
0018-9294/78/0500-0288, IEEE Trans. Biomil d. F.,VoL. 25,
No. 3, pp. 288-293 (1978)
Study type: (5) Nervous system (audlitor> k-ftct); !N-VIVO;
CAT, CHINCHILLA, BEAGLE, HUMAN
Effect type: Perception of rouL,_ed RFR as .ound
Frequency/waveLength: 3.0 GHz
Modulation: Pu L sd
Power Densities: Various
SAR: Not measured
E xpo0s u re c on d it ion s: Aud it o ry e vo kead r o 'pao st & _ s - Cu 5 ti C i :
R FR s t imulL i we re me a sured for a ras t hiot i ed n a r , . r lii 0

subjects were given RFP st imu Li on Ly, b u 1 w er e sv er s t ar d omr
audiograms and were also t e st ed f or b in au rt h e rir,:, thInr ch o Ld
in the 1-20 kHz range.
AUTHOR ABSTRACT: A study ot the effect,- of 3.0 GH0 -oisrc-ave

PuLses on the auditory systems of a number of rnmaLian srocies
was conducted. Some human subjects heard ad isi 'nct 'cLick''
when irradiated with a sufficiently intense individudt
microwave outse. Microwave-induced audlitory-evo',ed resiuonses
were measured in the cat, dog, and chinchi LLa. Tre "'icrowave

peak power density LeveLs at the threshoLd of rroalucinel an
auditory response were determined for a number of ryanr
subjects in addition to the smatter animaLs. The roabiLit', of
some of the human subjects to hear short mlrrowavc -uLses was
corretated with hearing tosses ab)ove 8 kHz-, in fre'iuencv.
OTHER INFORMATION: Two cats, two chins ti Llas, ole Lea,-[,- and
eight human votunteers were studied. Far the ariF mL'_ -rface
or brainstem-imptarted etectrode-, were used to mcia ur EFR -and c
audio-evoked responses. Theo evoked resronse,,w- i tr for
t he t wo ty p es o f st im utLi e xc e pt f or t he t ra n si I time duetLay o f
the audio stimuLus. T he t hreLs4h oLdi e nemrny J e r)t ta or F R
responses ranged from 8.7 to 14 micr.riutcw_/cm.2 ro r uLc for
t he c at s, f rom 7 .5 to 20 f or t h t c h ir ic hi tta s, annr av er ared 5 .0
for the beagte. For a put se width of 10 mi croseconid,, these
vaLues correspond to putse nower densities Cit 1.3 W/cm.2 for
b o th ca t s, l a nd 2 W1/cm .2 for the ch in (_h itLas, and 300 mW/cm.2
f or t he beagLe . F iv e nof tnhe h m ar su b j ect co utdc act e ct

15 -mi c ro second o uto L s j, c i c ks ; tnrie o t her hr (,e r o (, i re d
20-microsecond putses . A strong corretation betwenr, RFR
n erc e pt ion and h ea r in1 a bi L it> abho ve 8 k H - a s de t ermi n ed f r om
the binauraL thresholds was noted. The averaqe thres-hoLdl
onergy dens- / f or t he hu m,)n , was 10.6 m "c r ,o u Ite s/ cP). L f per
nulse. For 15-mi~roseCond p)uLis, thi-. corresponds, to about
700 mW/cm.? noL~se nower density; however, three subjects were
abLe . t o n)e r ce e 15-mi cr o -e co nd r'U L e iat 3 00 m W , /m. (4. 5

F IN AL C PI TTQ11F: T he p r';e nt -3 in r~ ii o tAind rc I i

* A.



sufficient detail to render additional analysis unnecessary.

The 300 mW/cm.2 threshold value found for three of the eight

human subjects can serve as a conservative value for reference

purposes (e.g., for environmental assessments). Also, as the

authors point out, the animal results corroborate the
theoretical predictions of Lin (1976).

REFERENCES: Lin, J. C., MICROWAVE-INDUCED HEARING: SOME
PRELIMINARY THEORETICAL OBSERVATIONS, J. Microwave Power,

Vol. 11, No. 3, pp. 295-298 (1976)
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Chou, C .- K. a nd R . fal nbo.
MIDDLE-EAR STRUCTURES CONTRI -

l
U I H 1) Y F P F : PPTION

OF MICROWAVES

(J0 -2739/79/ 01 /-071, J9 M/ 0. :2, ft ? 1m V 14, Nc. 4,
pp. 321-326 (1'979)
Study t ye: (o Nrvo, Syste'n r e f 1 ) I N- VIVO;

GUINEA PIG
E f f e c t t y e B r a in - s t e m evoked rosp(r,o e s t o RFR and j d i o
stimuli

Frequency/wavelngtlh: 918 MHz

ModuLation: 10 mi crosec p uses, or ;
Power Densities: Not stated

SAR: 0.027 to 11.05 J/kg Av

Exposure conditions: Anesthet ,' .hei tI t. ,:r -

ci rcuL ar wavequ d e; . ou St I '.

AUTHOR ABSTRACT: The con t r o. I ,',- (m-i . c-ear
bones ) to auditory percep tI on c , r.k1 '3 w s . by

the brai n-stem-evoked response (BL Ar, c- ao cy of

BERS were recordej frqm qui r, , - -, ft
vari cus qtens ti y atc o , j su c 'r

canal_ or via bone conducI ion -,

BL ock ing o t he e xt rna a m
mi -1dLe-ear uestrc io n p rod urer . tha

were PLi cited by mi ro wae p] R -

act i vit y n the centra aud h 3 1

microwaves onLy requ rt- ti Io- a, - ct or
of pressure waves thrr) 4 h the " 'err to

be the mechanism responsin e in ner e e -

mi crowaves.

OTHER INFORMATION: The ri ght c( : a c n o a n wa as

destroyed, and the basd c mea ur n t Pe a .u - e P rec ord
the amplitudes and I atenc es o- t 7 o-. m-esponses

(BERs) to RFR and aco)usti c stimuL _; I < r 'o

carbon-L oaded Teflon electrodes, r< - taches

the sk n and toe other to te 'oft . .- s.. (Use o-
such electrodes fo- reoor 0i r E U , ,C , q P R< , .

je scribed in Choi a nd j y , b . r a r after

e a c h o f t he fo I. o wi g : (, r, e r q a

the Ie t ex nrna M at S W4 trj mm - a- 1 r 1 5

(2) al. tera io , . ' he m ch al ,am i r, r Lha o
by f i ini te bu - w th T r " r, r ,
middlee ear -' Jtin q the s s - , '; :i , : , h

t/mnan' c rl, aord (4) ,

ciercirro und wind w : . a .J w e

arema!c, waa s . a a r c or m nn r o c t e t P r
r! -)rirtmo, for 3 anmals inm-h, - ,tween BE R

to both airborne anJ bone- ri ;c ,. 1 , t i c inq a

p ezoe' ert r i r az n dam ' i n J t i ( r i r c o i f 1 1. h o Pn o r
I i ttr tmen t (1) -, , e

• u .. .. .



,-;t i muLated BERs b l. -it the RFR-i nduced B ER-

S rther reducei the airorneracnus a c rEo--, HrE
, t he bone-onduc t, ,d a c i c BERs and ,he RFR BERS

extent than the airborne acoustic BERs. After

:wret (4) (cochLea destruct on), nno BERs wPre oht3-ned f'-m

' c usti c or RFR st imu i .
N-Ai CRI TIQUE: The experimentaL results const tute strong

., 'e-,;9 'jht rochtea activation is necessary for auditor€

sed FRF . The simil.ar BERs obtained from
o, .mc ' ,d-ac usi c and RFR stimuli after destruction f

ce rfidd e ear and the much Lower BERs obtained for
rvcr-ne-acousti c stimuL i support the hypothesis that

: :eptin is due to transduction of RFR into acoustic waves

.vi, Jepeci fied Locations in the head) which travel via bone

A- rcion to the cochLea. Thus, these resuLts Lend credencp

the various hypothesized RFR-to-sound transduction

, .ri ;ms and negate the hypothesis of perception by direct

:, imutation by RFR.

:.rcFtRENCES: 0022-2739/79/0012-0321, Chou, C.-K. and A. W. Guy,

''-R )N-iOADED TEFLON ELECTRODES FOR CHRONIC EEG RECORDINGS IN

ROWA"E RESEARCH, J. Microwave Power, Vol. 14, No. 4,

2 6  1979)

7 -7-
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: o!, C.-K. arid A. W. GUY
,.I P0'ROWAVE-INDUCED AUDITORY RESPONSES IN GUINEA PIGS:
RE[ATIONSHIP OF THRESHOLD AND MICROWAVE-PULSE DURATION

>348-6604/79/1112-S029, Radio Sci., Vol. 14, No 6S,
193-197 (1979)

Stud', tvn.: (5) Nervous system (auditory effect); IN-VIVO;

JUINEA PIG
C tec t tv ,e: Thresholds for auditory perception of put ,ed RFR

Sreiuency/wave l enqt h: 918 MHz
MoJ, lat ion: 10 to 500 microsec pulses at 30 pps

o r D nsi t ie : Up to 90 mW/cm.2 Av

S, :Va r o j
ExL o sur'l -uri itions: Animals with heads in circular waveguide;

3.oijs-tiCaL stimuli by Loudspeaker
AUTHOR ABSTRACT: Auditory brain-stem-evoked electrical
roonses of quinea pigs were used to determine microwave

er',criv thresholds for perception of pulsed radiations. A
1, vstron was used to generate 918-MHz microwaves at pulse
"iths beteen 10 and 500 microsec; the microwaves were fed
r~ts a rcular waveguide that partly enclosed a guinea pig's
ad At n-uLse widths less than 30 microsec, thresholds were

• elsted to the density of absorbed energy (and to the density

inc ident eeero/). The minimal absorbed energy density per
:UL-e is 5 MJ/Kq. As the width of the pulse increased, the

eshoLI erny increased. For pulses longer than 70

o ,'o ec, rresholds were related to the peak of the incident
1'ox;r denit - The maximal power density of incident radiation
i Q 90 mW/ m.2 in the circular waveguide. The dependence of the

,_voked r o r ,e on the width of the microwave pulse is in
,xce [ent t with predictions of thermal-expansion

r, * results provide more evidence that the microwave

ludio or, tff cl Is caused by a thermal expansion in the exposed
h e 3 d .

)THEP INFORMATION: Brain-stem-evoked responses (BERs) to RFR
3 j a ,-, st 1c ,timuli were detected by means of a pair of

r ~on-l o d TTeflon electrodes, one of which was attached to

kin r th- other to the mastoid process on either side.
o uch electrodes for recording EEGs during RFR exposure

ed i, Ch u and Guy, 1979.) Acoustic stimuli were

/ f,/ the hearing ability of each animal. The
ho d of innut power for a detectable RFR-induced BER was

r. mr ine for each pulse width (10 to 500 microsec), and the
alje as vided by the cross-sectional area of the cylindrical

. P - d rahn ij 320 cm.2) to obtain the corresponding
, e h n ea ; inc ident o wer density. Also calculated was, the

1 Al ent ,nor y density per pulse for each pulse width, and the
ro: ..ti i n n frequenc, (30 pps) was used to calculate tho

n avoran n ower dennity. Last ly, the threshold aver a
nr or:.it ,r rjLse was obtained from the
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incident energy density per pulse by dividing by the mass of
the animal's head.
FINAL CRITIQUE: The dependence of the threshold for
RFR-induced BERs on pulse width is consistent with the results
of Frey and Messenger (1973) on auditory perception of pulsed
RFR by humans, and with the results of Gournay (1966) and of
Foster and Finch (1974) on transduction of pulsed RFR into
acoustic waves by transient thermal expansion, and therefore
support that transduction hypothesis.
REFERENCES: 0022-2739/7910012-0321, Chou, C.-K. and A. W. Guy,
CARBON-LOADED TEFLON ELECTRODES FOR CHRONIC EEG RECORDINGS IN
MICROWAVE RESEARCH, J. Microwave Power, Vol. 14, No. 4,
pp. 321-326 (1979)
Foster, K. R. and E. D. Finch, MICROWAVE HEARING: EVIDENCE FOR
THERMOACOUSTIC AUDITORY STIMULATION BY PULSED MICROWAVES,
Science, Vol. 185, pp. 256-258, 19 July 1974.
Frey, A. H. and R. Messenger, Jr., HUMAN PERCEPTION OF
ILLUMINATION WITH PULSED ULTRAHIGH-FREQUENCY ELECTROMAGNETIC
ENERGY, Science, Vol. 181, pp. 356-358, 27 July 1973.
Gournay, L. S., CONVERSION OF ELECTROMAGNETIC TO ACOUSTIC
ENERGY BY SURFACE HEATING, J. Acous. Soc. Am., Vol. 40,
pp. 1322-1330 (1966)
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Ari~; A'~, C *079LOHL EAR MICROPHONICS
- 1 2, N o. 6 S

PF -. rophoni cs
.4 1t V I M ).

1: *'w ,es up to 10 kW
j j'.51-0.8 for cats

r I I -i To' s Mal c a ts w it h he adcs in
eand horn for adlult cats

R ~~ A - (M) have been recorded
e 1,iny body mra ss du r in g

r,,tl ,(d mi crowaves . B o th
A i -.9i-Iulcde exposure system

Th C M fr eq ue n cy a nd
r I F^ r fa rr ie r fr eq ue n cy an d
a I1'e C (e xc e pt a m p titu de)

f ~t he body a x is toa th e
m mirowaves for puL se s

.n<'of t he CM correlated
-I~e b >a n cavi ty and poorly

* xr a pol a t ions of th es e
-- < tes t hat the frequency

4 a ~ d b e between 7 and 10

ML j 'jQ74S ( C M) w e re recorded
~a >'r* -round wi ndow and the

i U ~rn a t iss u e. I n t he
M f-* U: ri/ersely with body mass;

t ~vs / .. ~Stent variation of CM
- <'* acenotel that although

'n s, skull thickness,
i 'n a. increase with body

1 I )-..s increase only
I~ ' e CM f requency correLates

71 tUv Lhut not with the other
avera ge threshold

10 mj~lkg for adlult cats,
U i~r)-,3 pigs.

N A T d oir t t he hypothesis
R3 Fu' P' i is due to transclucti on

g h~ t i n to the t ransdlucti on



Foster, K. R. and E. D. Finch
MICROWAVE HEARING: EVIDENCE FOR THERMOACOUSTIC AUDITORY
STIMULATION BY PULSED MICROWAVES
Science, Vol. 185, pp. 256-258, 19 July 1974
Study type: (5) Nervous system (auditory effect);
non-biological
Effect type: RFR-induced elastic waves in water
Frequency/wavelength: 2.45 GHz
Modulation: 2-27 microsec pulses
Power Densities: 5.3 W/cm.2 Pk
SAR: Not applicable
Exposure conditions: Polystyrene tanks of various sizes
containing 0.15-N KCI. A hydrophone was used for measuring
peak sound pressure as a function of pulse width and filter
bandwidth.
AUTHOR ABSTRACT: Acoustic transients can be thermally
generated in water by pulsed microwave energy. The peak
pressure level of these transients, measured within the audible
frequency band as a function of the microwave pulse parameters,
is adequate to explain the "clicks" heard by people exposed to
microwave radiation.
OTHER INFORMATION: A theoretical treatment is given, showing
that for short pulses, the peak sound pressure is proportional
to the energy per pulse, whereas for long pulses, the pressure
is proportional to the incident power density. The authors'
experimental results indicate that the transition between the
two regimes occurs for pulses of 20 to 25 microseconds
duration. An interesting additional result is that the
acoustic signal is not obtained in water at 4 deg C and that
the polarity of the transient acoustic signal for water between
0 and 4 deg C is reversed from that for temperatures above 4
deg C.
FINAL CRITIQUE: The results of this investigation confirm
those of White (1963), and as stated by the authors, the
dependence of sound pressure on pulse duration and incident
power density is consistent with the results at 1.245 GHz of
Frey and Messenger (1973). The finding that the acoustic
effect is absent for water at 4 deg C (where its expansion
coefficient is essentially zero) is significant in that it
indirectly supports the hypothesis that the phenomenon is
produced by transient heating.
REFERENCES: Frey, A. H. and R. Messenger, HUMAN PERCEPTION OF
ILLUMINATION WITH PULSED ULTRAHIGH-FREQUENCY ELECTROMAGNETIC
ENERGY, Science, Vol. 181, pp. 356-358, 27 July 1973
White, R. M., GENERATION OF ELASTIC WAVES BY TRANSIENT SURFACE
HEATING, J. AppL. Phys., Vol. 34, No. 12, pp. 3559-3567 (1963)
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Frey, A. H. and E . Core n
HOLOGRAPHIC ASSESSMENI OF A HYPOTHESIZED MICROWAVE HEARING
MECHANISM

0036-8975/Qi 11'-0U2, Suienr,r., VoL. 2O1, pp. 232-234, 12 Oct

1 979

Study type: (5) Nervous system (auditory effect); IN-VITRO;
RAT, GUINEA PIG

Effect type: Holographic detection of tissue movement in the
head in response to pul ced RFR

Frequency/wavelength: 1.1--1.5 GHz
ModuLation: Pulsed

Power Densities: 1.25-8.5 W/cm.? Pk

SAR: Not indicated
Exposure conditions: Pulse widths of 10 and 20 microsec at
repetition rates of 25 and 50 pps

AUTHOR ABSTRACT: Exposure of the head to pulse-moduLated

microwaves induces the perception of a sound. It has been

hypothesized that the electromagnetic energy is converted to

acoustic energy in the skull and then conducted through the
bone. Dynamic tirne-averaged interferometric hoLography showed

that the predicted motion of head tissue did not occur. An

alternative locis for this hearing effect is suggested.

OTHER INFORMAlION: The primary objective was to try to detect

pulsed-RFR-induced surface movements in the heads of

experimental animals shortly after sacrifice, starting with the
skin, and after successive removal of dorsal areas of skin,

muscuLature, skull, and the brain. The authors indicate that

with the holographic technique used, any movement of a surface
is averaged over durations that exceed the vibrational periods

of the motion. Thus a stationary surface wilL appear bright,

and a nearby moving surface wilL appear dimmer, with the

intensity diminution being dependent on the magnitude of the

surface displacement. The authors also state that they
compared holograms obtained from each animal during RFR

exposure with holograms from the same surfaces of the same

animal taken during sham exposure, and couLd not detect any
differences. They concluded therefrom that motions predicted

by other investicators were not produced, and suggested that

the site of transduction of RFR into elastic waves is more

likely to be in the cochlea itself rather than elsewhere in the

head followed by transmission of the elastic waves to the

cochlea by bone -conduction.

FINAL CRIrIQUE: The authors do not provide any specific

information about the appearances of the holograms or the

differences sought between holograms of RFR- and sham-exposed

surfaces. Based on the meager description of the holographic

technique, one would expect that the brightness of a surface
having non-uni f orm optical eflectance would appear non-uniform
even if the surface were, stationary. Also, a surface having

- - -- - -- -



uniform reflectance and moving as a unit, i.e., without motion
of any area relative to another, would appear uniformly
i luminated (but presumably of lower brightness than if the
same surface were stationary). Without quantitative
brightness-distribution data, it is not possible to assess the
validity of these no-movement findings. A more fundamental
question is whether or not the successive removal of skin,
musculature, etc., would alter possible RFR-to-elastic-wave
transduction. Suppose, for example, transduction takes place
at the inner or outer surface of the skull with the skin and
musculature intact (which may render the motion undetectable
with this holographic technique). Would baring the skull by
the removal of skin and musculature alter the characteristics
of the transduction process significantly? In the absence of
quantitative data and resolution of such queries, this reviewer
believes that the results of this investigation do not vitiate
those of Chou and Galambos (1979).
REFERENCES: 0022-2739/79/0012-0321, Chou, C.-K. and
R. Galambos, MIDDLE-EAR STRUCTURES CONTRIBUTE LITTLE TO
AUDITORY PERCEPTION OF MICROWAVES, J. Microwave Power, Vol. 14,
No. 4, pp. 321-326 (1979)
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F ra e . I #. ,

H UMAN PFRCFPTOr 0 N W 7 H P'ILSE)

S ience, V-' 1 973
StidyLo: (5 s.''.. J -o .,dsory effect); IN-VIVO;

HUMAN
Effect type: Perce ; . , t p RFR as sound

Frequency/wavelength: -

Modulation: 50 Pul eI o
Power Densities 6S3 ",1 ' ,t 0.32 mW/cm.2 Av and

0.19-1.29 mW/cm .2 A v ni 7 i - Pk

SAR: Not measured

Exposure condit or ar anechoic chamber
AUTHOR Ai3STRACT t udy of the perception of
"sound" i -ucduc e J t)y - rulsed-modulated,
ultra ai q -freqJ , - . "nergy indicated that

percepti on ws 3 r r r' ,non pul se width. The
average .I e c ct perception.

Pe ce -  n ia- -r" f h mbre appeared to be

OTHER IN, OR' A et: ip' t, ion frequency
(50 sec -- n one set of

,-w: ic ,Ld constant at
r.32 mW . ied from 10 to 70

mr '-3: -n ,niStv was held
cr:os t a, -.: ion was varied over

the s am -, k-ven 3 trials each. Each
subiect e c sgnal for 2 seconds, the
oerce- i ed ar, - ken as reference (100).
After 5 n,.as presented for 2

seconds arc ts Loudness relative to
the -efe-e r

FINAL C R 1 1 IJ 'he paper for each

test cmnr a' L subjects and
repe e- ,n, so the amount of

scatter i.e r , subjective judgements
of re at :e, :, Nvertheless, the

var-at , . with puLse duration at
constant , : , ant peak power

Je"i; S c--' '' - . et i.a[ models based
on the ;L '; the treatment of

Wh i te 1 5 hold peak power
driSit r ) s . A w e r than the values
-ep p r -1 r! ain and Rissman
(1 978

REFERENCE': ,n - - r, C A. and
W. J. Ri- ,mar, MAMMAI A i 5 ;, rONSES TO 3.0 GHz
MICROWAVE P ri. L. T-- . n q., Vol. 25, No. 3,

pp. 288-")f ,1? 7RT
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White R. M., GENERATION OF ELASTIC WAVES BY TRANSIENT SURFACE
HEATING, J. AppL. Phys., VoL. 34, No. 12, pp. 3559-3567 (1963)
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J N I SURFACE HEATING
* . . 9-3567 (1963)

* t r , ffect);

t iquid,, and colids

Pei t on va riou ,

For the Latter,

-. -se was about 6

hd, is subjected to

c t. •i d rdment or rf

:- , a resuLt of surface

... ces is anaLyzed,
-n input heat fLux

I.r. e j te he eLactic wav

.. . e -jrlut fLux and the

... Lc . Experiments

S3 r, d r f absornt ion verify
A.. .amrLitude and the

o :. . . weLL with the thermaL and

- ' t c -d j . Comparison of the
r . • m • w 1th r a d i a t i on pre s s u r e s how s

rt fP 0 r,' r !"a. thi3t t he t a tt er, a s
x f, r me, - ave P t,-, r rrW1, A)Pn a lbariurn titanate crystaL

3 usd t3 U c th e .- t c wa e'-o produced, heating by a

.inote 2 fco out ce O -rLectrons or microwave radiation

rroduced eas I t -~ s-,nats at power LeveLs down to 2
W/cm.2, cc rres on r, r' to a comPuted peak surface temnerature
r ise of ab,-ut 0 0 91 d e,, C ci oroduced p ezoe ectric crystaL

oL taaes ra i :) f o L ate if one to more than 60 mV/kW/cm.2

absorbed power J-" i

OTHER INFORMATION- 4 comprehensive theoreticaL treatment of
the converoior, of PFP put ce irto et.astic waves based on

transient h ea tin i 1 . , .a st ic waves were detected in atL
etals te tvd, r . ,v r.3l D- .r or-toaded pLastics, in water, and

it, a si ver-coa tt d a , r i " - ta na te r i e zo e L ec t r i c c r y St a L
Mixing (produc. 1 t f reat re quercies) was observed when two

puLses of di fcr n r nre RPerci-c . were imuLtaneous L
ahsorbed.
FINAL CRIT1 IJE: Tlii : ar impor t3r,t ParLy paper cited by
Later invest at r' 1 t 1 crF audi tory -ffect. Most notabLe

, thi cat-it ,, th.u .mh r '  t ron of a 2 microsecond ruLse
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of 2 W/cm.2 peak power density would yield a temperature rise
of on~y about 0.001 deg C.
REFERENCES: None
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N5) rtKV u ,YT M (Btcow- Br irn Barrier)

ALbert, E. N.

REVERSIBILITY (IF MICROWAVF- NDUCLD E LOOD-BRAIN OARRIER
PE RMEAB I L I r
0048-6604/79/] 112-SU48, k jio -(i., VoL. 14, No. 6S,

pp. 323-327 (1"9V)

Frey, A. H., S. k'* Li, ar. L. Fr ey
NEURAL FUNCII A D 3 H P,1 o k. 0L.FINING THE RELATIONSHIP
Pnn. N. '. A a. ,: ., :,-3. 47, . 4333-439 (1975)

Merritt, J. H., A. F. Cr.i: -ss / ml S. J. AL Len

SiUDIES ON BLOOD-[RA,0 U ARRrL r-[FRMFABIl ITY AFTER
MICROWAVE RADIATION
0301-634X/78/0015-]So", i3 ;. rviron. Biophys., Vo[. 15,

pp. 367-377 (1976)

Oscar, K. J. ar, Io 5.
MICROWAVE A~1EF A ION OF TliC :' QO0-OAIN bARRIER SYSTEM OF RATS
Brain Res . , 1 ,,. 2 -9/- 1 977)

Oscar, K. P., P . F. c.ker, and S. I. Rapoport
LOCAL CEFELBA L Fi OW W L WI 6 MICROWAVE EXPOSURE
PresenteJ at t e. Syiposiun, U. of

Washir o , - W , - e. 1979

Rapoport, S. I K h W F ' ri cks, and K. D. Pettigrew
A QUANTITATIVF '4FTiOD FOr M.E U !Nl ALTFRED CEREBROVASCULAR
PERMEABILITY

0048-6604 T7I ',/ S , ':. i4, Nc. 6S,

pp. 345-348 (1179,

Spackman, D. H., V. Wi I,, 4. W. (-y, -ind C. -K. Chou
STUDIES OF RE RADIATION r' FLC[S ON BLOOD-BRAIN BARRIER
PERMEABILITY l O .' L L' F AND AMINO ACIDS

Presenteu at t r, c. n b rp D io o i a f E fects of
E Lect rorajneL W , K '.L. z F 3r .i , 1-8 AugCi st 1978



AnaLyses under

(5) NERVOUS SYSTEM (Blood-Brain Barrier)
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Albert, E. N.
REVERSIBILITY OF MICROWAVE-INDUCED BLOOD-BRAIN BARRIER
PERMEABILITY
0048-6604/79/1112-S048, Radio Sci., Vol. 14, No. 6S,
pp. 323-327 (1979)
Study type: (5) Nervous system (blood-brain barrier);
IN-VIVO; CHINESE HAMSTER, RAT
Effect type: RFR-induced blood-brain barrier permeability
FreqLency/wavelength: 2.8 GHz
Modulation: CW
Power Densities: 10 mW/cm.2
SAR: not given
Exposure conditions: rear-field exposure for 2 hours
AUTHOR ABSTRACT: Ultrastructural studies have reveaLed
increased permeation of the blood-brain barrier by protein in
Chinese hamsters after exposure to 2450-MHz microwaves (CW) at
10 mW/cm.2. Reversibility of this microwave-induced

permeability in microvasculature of Wistar rats and Chinese
hamsters was assessed. The animals were anesthetized and their

heads were irradiated in the near field with 2800-MHz CW
microwaves at 10 mW/cm.2 for two hours. Horgeradish-peroxidase
protein was injected as a tracer to study its transport across
capillaries in all reg'ons of the brain. Gross- and
electron-microscopic observations indicated that the relative
impermeability of the blood-brain barrier is re-established

within two hours after irradiation. A significant but
incomplete increase of permeability was observed one hour after
exposure. Preliminary data indicate that the blood-ocular
barrier was similarly affected.
OTHER INFORMATION: Of the 52 animals (34 Chinese hamsters and
18 rats) exposed to RFR, 30 were euthanized immediately, 11 at

1 hour after exposure, and 11 at 2 hours after exposure. An
additional group of 20 animals (12 hamsters and 8 rats) was
sham-irradiated. Leakage of horseradish peroxidase (HRP),
which yields a dark-brown reaction product, was scored by two
independent individuals on a 5-point scale. Increased BBB
permeability in some brain regions was reported for 17 of the

30 animals euthanized immediately after RFR exposure and for 4
of the 20 sham-irradiated animals. Fewer areas of increased

permeability were evident for animals euthanized 1 hour after

RFR exposure than for those euthanized immediately, and except
for 1 rat, virtually no leakage of HRP was seen for the animals

euthanized 2 hours after RFR exposure. The investigator also
reports preliminary results with hamsters indicating that when

HRP was injected after RFR exposure, some reaction product was

seen in the extracapillary spaces of the iris. Also, the

cytoplasm of endothelial cells of the iris capillaries was
filled with pinocytotic vesicles containing HRP.
FINAL CRITIQUE: Perhaps the most puzzling aspect of this
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investigation is the result that 4 of the 20 sham-irradiated
animals yielded evidence of increased BBB permeability. The
investigator does not elaborate this point either qualitatively
or statistically. Such a result can be interpreted as
indicating that other factors in the experimental procedure
could alter the BBB. The apparently anomalous increased BBB
permeability in 1 rat euthanized 2 hours after RFR exposure
supports this surmise. A possible factor that could confound
results obtained with injected HRP is the existence of
endogenous peroxidase. Because of these uncertainties, it is
difficult to evaluate the validity of the findings of this
investigation.
REFERENCES: none
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Frey, A. H., S. R. Feld, and B. Frey
NEURAL FUNCTION AND BEHAVIOR: DEFINING THE RELATIONSHIP

Ann. N.Y. Aced. -ci., Vol. 247, pp. 433-439 (1975)

Study type: (6) Behaviora , (5) Nervous system (blood-brain
barri er); IN-VIVO;RAT

Effect type: RFR-a o;dance response in shuttle box;
RFR-induced btood-brain barrier permeability

Frequency/waveLenjth: 1 .2 GHz

Modulati on: Pul sed and CW

Power Densi tie;: Pu! zed: 2.1 mW/cnr.2 Pk, 0.2 mW/cm.2 Av; CW:

2.4 mW/cm.2

SAR: Not qi v in

Exposure cu nd t f )' ," P,, ii:; : . - frs puLse idth, 1000 pps (0.5
duty cycle); -A -, v'n 4 ;,-ssi ons of 30 min of pulsed,

CW, or sh;n e:J ,. 3-m P A ,ession per day on 4
successi vp dlj ,

AUTHOR ARH.TRACT . ..-< ,,, !his laboratory has studied
radio-fre, vun'cj k ., C, ........ ,.cit, such a:; evoked potentials

in the in Vtns ,, , * , A,, '-tsponses in cats and
monkeys, trog ,J- rr t nn, afid hearing phenomena in cats

and humans. A j , ,, as (A.H.F.) discussed the

possi bte mecr r d atfect bi ologic systems
in general nd ' n parti cutar. The

possibi 1 i ties o 1 ' v tated included rf

energy-induce t,,t r e o' 1t,Tti al changes, conformational
changes in memr , e . rilj--ed forces at the neural

juncti on, mi cr.t,.ni , 7- . ir,d al so possible rf effects on
tissue thouqht !. . ........ re LharC.cter stics or

piezoelectri c ,i . , -t . , -- tate characteristics of

the nervous s , - , 'w thin the context of possible

rf energ!-i duc , I, possibilities were
evaLuated. Dt e' p e.. .r also contemplated. The

evaLuati on was , 0servati on that, "The

question is n ' ,p P ossi bi e mechanism, but
rather whi ct of , r ,. - I r ,c han ;SS .... In the work

reported here, we 'e r i'o roach to answering the

question and b e , t t, r-- I at-i onship between neural
function and b t hair Wk hi a ,e essentially the same rf

energy parametr ' ,,xpoier t'. that invoLved avoidance
behavior and brai,, s.ue pirmpabi Lity change as indexed with a

fluorescent dye. We f.fjr .,ri association between changes in
behavior and ir 6(, i ,: r-,:r , , i : t y. We have also found a

difference in eftecti vvr,esc of pulsed and continuous energy on

behdvior and brjin permfl,,biily. We wish to make quite clear
that we have not est-ibLi The,J i , a L ret ati onship, only an

associ ati on.
OTHER INFORMATIO'N: ' , >'hovi , experiment, half of the
shuttle ho : wa- ,, RFP, and the fraction of the
time each ra. -,, iv- ', , h hd half during each exposure

S. . . . . . . . . . . . . .. -- . .. . .. . . ........ .



sessi on was recorded. For t he first 2 daily sessi ons, all
t h re e ir oup s (pu Lsed-, C- - -nd ;shamn-e xposed ) spent
app roxim aIt e Ly 60% i n thle r'n i c ted half , with no statisti caLLy
Fi qn i f i c a nt di fferences amo IT t h c-qr o tps However, for the
u th,,r 2 da i Ly sessi on s, t he ut (Lsed group spent only 30% in that
ha If, the CW group 64%, and t he 7sham group 52%, with the
differences between the p1 !L and the other two groups being
st a ti st i caL ly si qni fi cant; the difference between the CW and
sham groups was niot si qn' i a I. A total of 18 rats was used
i n th is e xperiment . 1)od 1  i-irescei n was the tracer used in
the brainr experi ne!, i N i rats were divided into 15 groups,
which were used for t he ~r exposure conditions (pulsed, CW,
sham) in 5 head posi ticn, fh fLiorescein was injected after
e XPOS Ur e and all owed t o c cu1 ate for 5 min, after which the
rat was ex s an gu in a ted a nd it-brai n was removed, embedded, and
sliced into 28 sections. The sections were examined under
ultraviolet and fLuorescenr was; scored visually on a scale of
Pi t o 3 . Si gni ficant diffe re ne-os were reported among all three
exposure conditions. T he b!-o a (i -,1d ( head posi ti on (relati ve to
the RFR source) showed vi rluaL' y no fluorescence Linder all
three exposure conditi ons .
FINAL. CRITIQUE: The data pfespried for the behavioial
experiment are i nsuffi ci erl '-o rermi t analysis of the validity
of the conclusions. Speciflo:al!y, it is unclear why the
investigators presented ori~ly the combined data for the first
two -days and for the secon.4 two days instead of the data for
each of the four days . 9,1 sn, because all three groups spent
60% of the session time ir the unshielded half of the shuttle
box during t he f i r st two dayi (whicrh mi ght be interpreted as
indicating some preferen:, 'r- thcit half irrespective of the
presence or absence o f RFR ' is diffi cult to draw any
inferenccs -egarlI ng k 0 30 C ' there by t he pulsed group
dJ rn nq thiie second Iwo J) re 7u L -sof the brain
oxperiment r di c a f t hat 1: oijre induces the uptake of
f ! i res ce '- n th P br a in w 1 ol0se-,d RFR bei ng more effective

I- h an C W. Again, however, da i s a re L acking regarding the
ta t t ;calI t rePatment ol ho d a' 13 and t he rati onale therefor.

I he cCit o + t he i ; t hat f Iu ores ce in ILea ked f rom
he a> s ir s~se y t eri 'iO into t he parenchyma
hI d- b~ in-barrier f rm- )n ) but no morphoLogi cal

f 0 r rT n re - en td lhr. cluesti on of possi ble artifact
- [ -- r ; 1eE bPc au se t h - 'e'i,- of fluorescei n was detected

i ome -0 in-exoose(d sn- A;,o, endeavors by subsequent
nv'W ors to repL i c i Iesor-eriment with more objecti ve

ard f I detec ti on ile0tii"'ls (M(- r ri tt et aL ., 1 978) yielded
n -q i ,e r suLt :s.
P FL F f- N C !S
Mr r it t, I. H, A . F.- ChIlamn es -ind S. J. Allen,
')' /'),4x/7810015-0367 SJJH;ON RLOOD-BRAIN BARRIER



PERMEABILITY AFTER MICROWAVE-RADIATION, Rad. and
Environ. Biophys., Vot. 15, pp. 367-377 (1978)
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Merritt, J. H., A. F. Chamness, and S. J. ALLen
STUDIES ON BLOOD-BRAIN BARRIER PERMEABILITY AFTER
MICROWAVE-RADIATION

0301-634X/7310015-0367, Rad. and Environ. Biophys., Vol. 15,
pp. 367-377 (1978)
Study type: (5) Nervous system (blood-brain barrier);

IN-VIVO; RAT
Effect type: RFR-induced blood-brain barrier permeability
Frecuency/wavelength: 1.2-1.3 GHz
Modulation: PuLsed and CW

Power Densities: 2-75 mW/cm.2 Pk, 1-38 mW/cm.2 Av for 1.2 GHz;
200-3000 mW/cm.2 Pk, 0.3-20 mW/cm.2 Av, and 0.1-20 mW/cm.2 CW
at 1.3 GHz
SAR: not given
Exposure conditions: 30 min for pulsed 1.2 GHz; 35 min for CW

1.3 GHz
AUTHOR ABSTRACT: Since the reported alterations of
permeability of the blood-brain barrier by microwave radiation
have implications for safety considerations in man, studies
were conducted to replicate some of the initial investigations.
No transfer of parenterally-administered fluorescein across the
blood-brain barrier of rats after 30 min of 1.2-GHz radiation
at power densities from 2-75 mW/cm.2 was noted. Increased
fluorescein uptake was seen only when the rats were made

hyperthermic in a warm-air environment. Similarly, no increase
of brain uptake of 14-C-mannitol using the Oldendorf dual
isotope technique was seen as a result of exposure to pulsed
1.3-GHz radiation at peak power densities up to 20 mW/cm.2 or
in Lhe continuous wave mode from 0.1-50 mW/cm.2. An attempt to
alter the permeability of the blood-brain barrier for serotonin
with microwave radiation was unsuccessful. From these studies
it would appear that the brain must be made hyperthermic for
changes in permeability for the barrier induced by microwave
radiation to occur.
OTHER INFORMATION: Much of this work was directed toward
replicating the studies of Frey et al. (1975) and of Oscar and
Hawkins (197(). To validate the detection methodology, Merritt
et al. used hypertonic urea, known to alter the blood-brain
barrier (BBB), as an alternative agent to RFR. In their
fluorescein study, examination with ultraviolet of brain slices
from RFR-exposed rats showed no evidence of BBB alteration
whereas fluorescein penetration was evident for rats perfused

with hypertonic urea. Similar results were seen in examination
with white light of slices from rats treated with Evans blue
instead of fluorescein. In addition to examining brain slices,

the investigators chemically analyzed various brain regions for
fluorescein content. The results for rats exposed at various
power densities are presented in tabular foim in the paper.
Also included in the table are fluorescein analysis for
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sham-irradiated rats that were heated for 30 min in a 43 deg C
oven. The increase or ftuorescein uptake under hyperthermic
conditions, reported in the abstract, summarizes the results in

this table. In the 14-C-mannitol study of the various brain
regions, there were no significant differences in the Brain

Uptake Index (BUI) between RFR-and sham-exposed rats, whereas

BUI changes were evident for rats treated with urea instead of
RFR. Also, the results (with 1.3 GHz CW RFR) showed no

evidence for the existence of the power density window reported

by Oscar and Hawkins.
FINAL CRITIQUE: The ust: of krea as a positive control

(alternative agent to RFR) offers considerable weight to the
negative findings by Merritt et al. on BBB alteration by RFR,
especially the results of their chemicaL analyses of brain

regions for fltuorescein Lont.fnt and of their radioactive-tracer

work. However, there remains a basic uncertainty in this and
most other prior research on possible RFR-induced BBB
alterations as to whether significant artifacts are introduced
by the kinds of biological techniques used. As a case in
point, the vaLidity of the Oldendort (1970) technique of
injecting the dual-radiotracer mixture into a carotid rapidly

as a bolus (used by Oscar and Hawkins and replicated by Merritt
et al.) is questionable. ALso, the effects on 'he overall
findings of the use of anesthesia in many animal experiments

are difficult to ascertain. One well known consequence of
anesthetizing rats is thie induction of hypothermia which could

yield results that are different from those with thermonormic
animals. (The decrease of fluorescein content for rats exposed
to 2 mW/cm.2 relative to the shamn-exposed group, as reported by
Merritt et at., is perhaps 3 trivial example.)

REFERENCES: Frey, A. H., S. R. FeLd, and B. Frey, NEURAL

FUNCTION AND BEHAVIOR: DEFINING THE RELATIONSHIP;
Ann. N.Y. Acad. Sci., Vol. 247, pp. 433-439 (1975)

Oldendorf, W. H., MEASUREMENT OF BRAIN UPTAKE OF RADIOLABELED
SUBSTANCES USING A TRITIAILO WATER INTERNAL STANDARD, Brain
Res., Vol. 24, pp. 372-316 (1970)

Oscar, K. J. and T. D. -iwkinS, MICROWAVE ALTERATION OF THE
BLOOD-BRAIN BARRIER SYSTEM OF RATS, Brain Res., Vol. 126,

pp. 281-293 (1977)
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Oscar, K. J. and T. D. Hawkins
MICROWAVE ALTERATION OF THE BLOOD-BRAIN BARRIER SYSTEM OF RATS

Brain Res., Vol. 126, pp. 281-293 (1977)

Study type: (5) Nervous system (blood-brain barrier);

IN-VIVO; RAT

Effect type: RFR-induced blood-brain-barrier permeability

Frequency/wavelength: 1.3 GHz
Modulation: Pulsed and CW

Power Densities: pulsed: 0.06-1.6 W/cm.2 Pk, 0.03-2 mW/cm.2
Av; CW: 0.3-3 mW/cm.2

SAR: not given
Exposure conditions: Single, 20-min exposures; pulse widths

ranging from 0.5 to 20 microsec at 1000 to 5 pps.
AUTHOR ABSTRACT: Rats were exposed to 1.3 GHz microwave energy

to assess the uptake of several neutral polar substances in
certain areas of the brain. A quantitive, radioactive isotope
method, which uses an internal standard, was employed to
measure the Loss of test substances to brain tissue. SingLe,

20 min exposure, to either pulsed or continuous wave (CW)
microwave energy induced an increase in the uptake of
D-mannitol at average power densities of less than 3.0 mW/cm.2.
The permeability change was greatest in the medulla, followed,
in decreasing order, by the cerebellum and hypothalamus, with

small or ney igible changes in the hippocampus and cortex.
Permeability increases were observed for mannitol and inulin
but not for dextran. Increased permeability was observed both
immediately and 4 h after exposure, but not 24 h after

exposure. After an initial rise, the permeability of cerebral

vessels to saccharides decreased with increasing microwave
power. Differences in the Level of uptake occurred between CW

energy and pulsed energy of the same average power. Microwaves
of the same average power but different pulse characteristics

also produced different uptake levels. Our findings suggest
that microwaves induce a temporary change in the permeability

for small molecular weight saccharides in the blood-brain

barrier system of rats.
OTHER INFORMATION: The basic technique used to detect BBB

alterations is the dual-radioactive tracer procedure developed
by Oldendorf (1970) involving post-irradiation (or

sham-irradiation) injection of a specified mixture of a
C-14-labeled material and tritiated water into a carotid
rapidly as a bolus, decapitation of the animal after 15 sec,
removal of the brain, Jissolving each brain region in a

solubilizer, adding liquid scintillation mixture, and using a

counter to determine the C-14 and H-3 radioactivities. For

each specimen, the Brain Uptake Index (BUI), defined as the
quotient (in percent) of C-14/H-3 in the specimen and the

C-14/H-3 in the injectate, is calculated. The BUI represents
the relative amount of test substance lost to the brain in a
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single passage of the mixture through the microcirculation.
These investigators reported the occurrence of an inverted
U-shaped dependence of mannitol uptake by the medulla on
average power density for both pulsed and CW RFR. The maximum
BUI for CW was about 9 percent, at a power density of about I
mW/cm.2, whereas for 0.5 microsec pulses, 1000 pps, the maximum
BUI was only about 7.5 percent, at an average power density of
about 0.4 mW/cm.2; higher and lower power densities in each
case yielded lower BUI values. For 10 microsec pulses, 5 pps,
BUI values of about 7 and 10 were obtained at average power
densities of onLy 0.03 and 0.06 mW/cm.2, respectively.
FINAL CRITIQUE: The validity of these findings of RFR-induced
BBB alterations is questionable on several grounds. Of
doubtful validity are the assumptions underlying the Oldendorf
methodology that tritiated water freely diffuses between the
brain and its vascular system and that variations of cerebral
blood flow (CBF) do not significantly affect BUI values. In
the context of the latter point, Oscar et al. (1979) have found
that exposure of rats to 1 and 15 mW/cm.2 average power density
alters the CBF rate. Techniques that are largely independent
of CBF rate, such as those subsequently developed by Rapoport
et al. (1979) are being proposed as alternatives. Perhaps most
important, subsequent investigators, notably Merritt et

al. (1978), were unable to replicate the results of Oscar and
Hawki ns.
REFERENCES: 0301-634X/78/0015-0367, Merritt, J. H.,
A. F. Chamness, and S. J. Allen, STUDIES ON BLOOD-BRAIN BARRIER
PERMEABILITY AFTER MICROWAVE RADIATION, Rad. and
Environ. Biophys., Vol. 15, pp. 367-377 (1978)
Oldendorf, W. H., MEASUREMENT OF BRAIN UPTAKE OF RADIOLABELED
SUBSTANCES USING A TRITIATED WATER INTERNAL STANDARD, Brain
Res., Vol. 24, pp. 372-376 (1970)
Oscar, K. J., S. P. Gruer.au, M. T. Folker, and S. I. Rapoport,
LOCAL CEREBRAL BLOOD FLOW FOLLOWING MICROWAVE EXPOSURE,
Presented at the Bioelectromagnetics Symposium, U. of
Washington, SeattLe, WA, 18-22 June 1979
0048-6604/79/1112-S051, Rapoport S. I., K. Ohno,
W. R. Fredericks, and K. D. Pettigrew, A QUANTITIVE METHOD FOR
MEASURING ALTERED CEREBROVASCULAR PERMEABILITY, Radio Sci.,

Vol. 14, No. 6S, pp. 345-348 (1979)
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O;c r, K. ., S. r ,,ii( . . I. Rapoport

LOCAL CEREBRAL LOh FL 'W I M,! , ,C OWAVF EXPOSURE
P r e,; e n t e d a t t h e R i e o tr o o i i, I ivrn p o. u , U o f
Wi - i i It o , riI

S -y tyVpe ' N '')', ' , n .r rler) (9)

E fte t type: RF i- i erebrat bLood f low

Freq-,encyiwavelen tn: , ;i
Modulation: 2 miC?),-: V C t o

Power Densities: 1 , W I - mW crn.2 Av

SAR: not given

Exposure condition, , r n inechoic chamber

mai ntai ned at 23 de c

AUTHOR ABSTRACT: L)J t L "Low was measured in

severa di fferent - , -1w i t h a radioactive
iodoant oyr ir t . --eo " sed microwaves of

ei ther 1 o- I m ,.q . -- i n',/ ncr ased the
I ocat C , e ", In ,. -ereft nrain regions.

The iodl a :n t p v ¢ ne Li F. of conscious rats
fo r botn t he t. ch" ow '. r. waT- e" - na determination

of ocin bbOec r , i n t o av increases of 10
t- 144 p e" .nt )egions sampled

b t~ 1 T h rt. Te
, g e 3e 1 c red in the

Po 'I e - ot-- ' h tI ;ne 1 mW/cm.2

expo s e r a 1 - ,X , i inferior
co L ' C' m W/cm.2 exposed

ra 0 ' , ' l brain ftK w,
al ong wi Fi ' - e" R es. in press)
s n he' : e" . m nat low-power
mfi cro wav s s a - -a t, trains.
OTHER TNFORMA I y n e i isotonic

Dj i n P W iW 'n after RFR
or o".-- ) e " ected during

- i r f -n a 1 . After 50 sec
" , regions were

- weighed, and

W a S . dded to each
A , -n. i r

-":cL ,1 ". r, ... ,u ,Pd from the
-! , q- '6 " 'gi 3 tion. I n

0,- ' RFR exposure, the

Pt. h er Dlood flow
f " -, r ., rW/ cm,2, an

"- r) o w e, d e n s i t y window.
CA U, j . . :nat RFR at the

*r..,,, t iat on can alter
r F  

-i r in an earlier
e s i n Brain Uptake

T,.I---



Index (BUI) of C-14 labeled mannitol and inulin between
RFR-exposed and controL rats were ascribed to RFR-induced
alterations of the blood-brain barrier without recognition that
such differences in BUI could be due to RFR-induced cerebral
blood flow changes. The data indicating the possible existence
of a power-density window are too few to permit evaluation of
the vaLidity of this finding. Additional work covering a
broader range of average power densities as well as
intermediate values would be necessary to confirm the existence
and limits of such a power-density window for alterations of
cerebral blood flow rates.
REFERENCES: Oscar, K. J. and T. D. Hawkins, MICROWAVE
ALTERATION OF TdE bLOOD-BRAIN BARRIER SYSTEM OF RATS, Brain
Res., Vol. 126, pp. 281-293 (1977)
Kety, S. S., METHODS MED. RES., Vol . 8, pp. 228 (1960)
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I I[)o porIt,. I. K.0 On o, W. R . Fredor i cks, arid K. D.
F t t F g C

A UANTiTATIVE ML1 HOD FOR MEASURING ALIFRED CEREBPOt ASCULAR
'r" aFML A B I LI T Y
)43-o6604/1911 121-S1O111, R1a dio ISi, Vo I 1 N1o 6 S

345-348 (1979)
,-i type: (5) Nervcus system (hLtud-ai brir;

!%\-VIVO; RAT
ireclt type: b~oad-lbrain barrier iiethodotog y
requency/wavetength: None

'odutat ion: None
c wer ensitie s: N o ne

)'AR N No ne
Exposure conui tions: N ot a p)L ic aLLe

T A0RABSTRACT: Cerebrovasc u L r r.perne ab~ i ty to C-1 4-sucrose
2' ae a s a ed i n d epenode rit Ly o . cer e b ral L- L o o d f L a w ir: t h e r a t

LL1 i n O 1j t a t e r- a L oS s~ r c t i c o p ( n i n g 0 t ie b L o o d - a in L a r r e er
F, ,per or'i c a ra b inoaF0'( sotLat i i on. An inc f-e a se 10 r ticara L

r r-i I t y t o C-1 4-sucrose was co r retLa t ed w it h trtiE. e xtent of
ioK -- alinO by intravascuLar Evans lbtue-atbovir, a visuaL

tracer. To obtain the product of aiLar
IL tyand surface area, C-14-s.ucrose was injecrou

-Iv-nus Lv, the arteriaL pLasma concentrati or curve was
'r'ied and i ntegra ted over, a O0- mrin perioc , -arid brain

r~ c; ncent rat 10C1 w as c atLcautLaed after s.ubtracti-ig
raiiarvi f romr n et t is s u r aodioactiv-ity.
r) wer choos e n ';o t h at a simpLe diffusion equatior
ap pL 1e t-JEo exc i a n qe between r Lasma aria b ra inr

i1 e t q, in thf:i absrnc e of ha-jck1 f L ux f r om b ra a i . Th e
luuL J b e o f iis~ c.or -tudy in a ef fe c ts o f miro w vet-s o n

H : INFORMATION: B'ed s e(1L- o~ tori ft.o w, t h it)t ra va s--u a r
cfic ntration , 4 1n e irli br a in icI ce , o-f radJi o a ctv cm at e r iaL

S1e: ,e J 1 n t o -an an ) P1 J rcP5 w t imei'. A , a o - " i n t o f th e
ehn i qu e d e 3cr iba 1e 'ri eo raaoi oa c t iv t yo Lto o J

L e~ 7 r J r a t 1 i r- A s e r a g iven tv rr :)er io d
1 0 in a er n i f tehe ma tenri at, Lo w ed b y

I (I -i r ' v e ove r t he s p e f C t i me
e r3 .T r naum ier t 3 -j Je Inurta in ed i s e f f e ct v etL thec mean

r-, -j uL3- (,onc.P n ,r ~n f r, t h at t ime pe r ionc, a. the end of
Ce j -, a L i di ' i a n d t h e con cen tr d t io ri o f

r ,d cr ivi t 1) i n eac h r on i s d et er m ined .B a sed on t he
a T r, t 0 r s at t i uoa t I Y oaf ra d io a c tive ma te ria L t h at

r n to 0 tV n a r e r) cn)y ma c h r eng i o n d u r i n It h at t i m e
r ' i to na L to te ma n i n travasc u Lar con c ent ra tio0n,

i ~ ~ i dlha kJi t f u s ion i 5r ne t i g ibt, the autho rs use th1)e
d a t a f r o ms e a) c h b r- a i n r- e o r o t o c a L (- u t a t e t h e

a, c c r e b r o v a -, a u tL r p e r- ricea b i t i t y ( P a n d c a p) i L L a r y
)rr,, are (A) in each brain reqion in a manner that is not I



confounded by variationsc of cerebral blood fLow rate. The
authors indicate a hundredfold higher sensitivity in measuring
PA for C-14-sucrose than with the Brain Uptake Index Technique
or the Indicator Dilution Technique.
FINAL CRITIQUE: This technique represents a significant
advance over the uther radioactive-tracer techniques used
previously to investigate possible RFR-induced alterations of
the BBB, notably those based on dual-tracer analyses leading to
calculations of Brain Uptake Index as a measure of BBB
permeability. However, the new technique involves the use of
anesthesia and injection of the radioactively tagged tracer as
a bolus, with the possibility of artifact introduction (as with
the earlier techniques). It should aLso be noted that this
paper contains resuLts obtained only by the use of arabinose as
the BBB-alteration agent (i.e., none with RFR).
REFERENCES: None
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Spackman, D . H ,V d~e j, ,rd.K. CI'
ST UDIE S O F R F A DI AT L DN CVFt. , i i I D0 D-B fA 1 4 13A RR IE R
P IR ME A 81ILT Y IN G UL'R A1 1 A'," J AC ID S
P r-s e n t ed a t th )p' % ~ ~ :'~~ o I( ji vt1 'c t~ orf
LLectroimagnet i c Wjve- H r), I- ? t(Xu u-st 1918
Study type: ( N, Neri v -orvin h)arrier);
I N- V 1VO0 MO US E
Effect ty'pe: R F R- i 10ur h mer permeabiLity
F req'uency/ wavel n. i h: 9 I
ModuLation: pu~ e s (" (
Power, Dens ities - ~l ; ;:,.001 duty);

C 2

Exp o s lre ccov t n our to
clrc ua r ,y pcla a ~ ~ n< E was 10
ricroscoc, 100 ni
A UTHOR ABS T R A C F,' r) y e ve(r a L
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retro-orbital bLeedinrg. PL ara and brain tissue samples were
deproteinized, homogenized, i rd claritied by high-speed
centrifugation. The extracts were then analyzed for both FCN
and amino acid content, using a spectrotluorometer for the
former and an amino dcid anal yzer for the Latter. The specific
concentration, defined as the ratio of brain concentration to
plasma concentration, was caLculdted tor each test constituent.
INITIAL CRITIQUE: The sensitivity of Lhe analyses for FCN and
the various amino acids is noteworthy, and the finding of no
RFR-induced alteration of the BBB appears vaLid. However, in
this brief paper thef authors do not discuss the statistical
treatment of the data. Presumably, they intend to publish the
paper, in which case it will be reviewed again.
REFERENCES: none
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Baw1n, S. M., L. K. Kaczmarek, and W. R. Adey

EFFECTS O MOLULATED VHF FIELDS ON THE CENTRAL NERVOUS SYSTEM

Ann. N. Y. Ac5iW, Sci., Vol. 247, pp. 74-81 (1975)

Study type: (5) Nervous system (calcium efflux), (11)

Mechanisms of interaction; IN-VITRO; CHICK

Effect type: Alterations of calcium binding to cell membranes

in the neonate chick brain by modulated RFR

Frequency/waveiength: 147 MHz

Modulation: Discrete trequencies between 0 and 35 Hz at 80-90%

moduL ation

Power Densitips: 1-2 mW/cm.? Av

SAR: Not ,letermrned

Exposure c nd i tions: After incubiting in solution containing

Ca-45 and washing in nonradioactive solution, half brains were

immersed in physiologiral solution while being exposed for 20

rmin to RFR. The correspondinq half-brain of each chick served

as con(t r.o
REVIEWER SUMMARY: Five hundred neonatal chicks were used.

After decapitation, the brains were dissected out and each
hemisphere was inru';ated in 1 ml of physiologic medium together

with 0.2 ml ot saline containing 0.2 microcurie of Ca-45 ions.

Aflter- ncubatio'i, the samples were washed 3 times with
no nradioactiv,- sol. it :,n, and ere mmersed in 1 ml of
plysiy ogi C mnium ano exposed or not exposed to RFR for 20

rin. , - ,ot of ).2 ml were then assayed for radioactivity by

! i (,- 2 s i at-in n o unt iag. The radioactivities (counts per

-e ) L -i ;rnple were normalized to the mean values for

o r ol s am i l s. n .<dulated 147-MHz RFR and fields modulated

ii..5, 3, 6, 9, and '6 Hz showed a progressive increase in the

normal ized counts (cal 'urn efflux); of these results, those
- r 0, 0.5, and 3 Hz v, re rot statistically significant; those

' ,,)o ; 9 H , wcet ; i oificai,t at the 5% level, and those for

1' and 16 H: we.re significant )t the 1% level, with the highest
,f u a ,' -T z R modulai'>i .3t 20, 25, and 35 Hz yielded

vrci r essiv dim ru' io n ofI e fI! u from the value at 16 Hz, with

r , re u, 20 Hz being sionificant at the 5% level and

lho e for 2 ind 35 Hz being insignificant. The effect of RFR

11:,t'-U atP' at 0 3 and 16 Hz on brains poisoned with cyanide
-,relr , n ba ion were also studied. The results of these two

rm d, -ir :rl r'- uencies were the same as those for samples not
Ia , de t r ea'. ment . C aIcium effLux from skeLetal

at, c,) a r ( ' -- , r h ,, ' , way st o i ed by the same methodology
6 i njW t n!. the results exhibited much greater

Ja r , "; t! y ,thOn for bra n tissue, but there were no
;i f i nr , e-ences between exposed and

If f0 51 n AT ION " a o fa r is one of the first on this
S ',, v "I -', t rqator' . Later papers review the

, ,: - , n , d pr, e ;ont rosulttS for unmodulated RFR

_ _ _ - .- -



in the sub-extremeLy-low-frequ cic; o i .'r i.-r 450
MHz modulated at 16 Hz (e.g., Bawin ar, d , Je/, ,i,.

Blackman et at. (1979) report e' '.. some
of the results for 147 MHz modujt t ,-i t :,-4.: 3
and 30 Hz. Sheppard et al. (1979) (-1S1., 1 ': " H'1Hz
results and present a model for thf: -:fcct.
FINAL CRITIQUE: The results of ti , n ,j _ " ,t ' t itute

evidence for the existence of a ut, uo, . . The
absence of the effect for unmoduI.-e AJ Rr , ,,. i on
frequencies outsidt th ge r , nye r I i-'; ,, I .a

heating of the preparation by tho R "1 .,P l R9
involved. Rather, some nonline -P , h . h

preparation that is capabLe of r- . - , 9 to

one polarity of the modulat i on <!.v<'i_ upS M
would also have to have a time co!) a n t 'r,.' r,, for
16 Hz, at which the effect is n e a , n 3 x m I
speculate that such slow unduK',t , :" * .
electric field could affect the 1,3,, r j ,
neuronal membrane, and that a sfna ic-
ions would result in cooperative rer) , f If ed
adjacent binding sites, thus produ ' .
amplification of local electr'ci .o_ .t t to
ascertain the sigriticance of tf )i r,-.-v K

brains with regard to possible u-,, t
REFERENCES: Bawin, S. M. and W. AJ-, _ K
CALCIUM BINDING IN CEREBRAL TIS - 0 .! : .

ELECTRIC FIELDS OSCILLATING AT LOA Fi . . ,
Proc. Nat. Acad. Sc i . , V o L . 73 ,r: .. o ,' )
Bawin, S. M. and W. R. Adey, CALC JM ,4
TISSUE, in D. G. Hazzard (e'.) , S' . L F FECTS
AND MEASUREMENT OF RADIO FREQUENC_ ,''. !(. ' ,,,v - -' ' ' . . . of
Health, Education, and Welfare, h f,. .0 W
Publications (FDA) 77-8026 (19!<;

0048-6604/79/1112-S$14,, Blackn,,i, C. . .
C. M. Weil, S. G. Benan e, D. C. F A ,
INDUCTION OF CALCIUM-ION tFFLUX , -,
RADIO-FREQUENCY RADIA1lON: EF~ tC!. f' Fl F t. 0 N( Y AND
FIELD STRENGTH, Radio Sci., Vol. 11"., ,, . , k197Q)
0048-6604/79/1112-SO21, Shepparri, A. ,
W. R. Adey, MODELS OF LONG-RANGE (;F,' - I I
MACROMOLECULES: EFFECTS OF SUB-CFL_- AND ( I 'C L Vi'r AND
UHF FIELDS, Radio Sci., Vol. 14, . p, pp. '" "9)

LA
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B~ackman, C. F., J. A. Elder, C. M. Weil, S. G. Benane,
D. C. Eichinger, and D. E. House
INDUCTION OF CALCIUM-ION EFFLUX FROM BRAIN TISSUE BY
RADIO-FREQUENCY RADIATION: EFFECTS OF MODULATION FREQUENCY AND
FIELD STRENGTH
0048-6604/79/1112-S014, Radio Sci., Vol. 14, No. 6S, pp. 93-98
(1979)
Study type: (5) Nervous system (calcium efflux); IN-VITRO;
CHICK
Effect type: Alterations of calcium binding to cell membranes
in chick brains
Frequency/waveLength: 147 MHz
Modulation: CW and 3-30 Hz (at less than 95%)
Power Densities: 0-2.0 mW/cm.2
SAR: Less than 0.075 mW/g
Exposure conditions: After each half-brain was weighed, it was
incubated in physiological medium containing Ca-45, washed in
nonradioactive medium, and exposed for 20 min in a Crawford

cell while immersed in physiological medium
AUTHOR ABSTRACT: Bawin and her coworkers have reported changes
in binding of calcium after exposure of avian brain tissue to
nonionizing electromagnetic radiation. Because calcium is
intimately involved in the electrical activity of the brain,
their results reveal a heretofore unrecognized potential for
nonionizing radio-frequency radiation to affect biological
function. We rave verified and extended their findings. The
forecrains of newly hatched chickens, separated at the midline

tx provi'je treatment-control pairs, wer, labeled in-vitro with
Sdi(Iacti ve calcium. Samples of tissue were exposed for 20
minutes ir a Crawford irradiation chamber to 147-MHz radiation,
which w s amp itude modulated sinusoidally at selected
_equencies between 3 and 30 Hz. Power densities of incident

,,i(latin ringed between 0.5 and 2 mW/cm.2. Compared with

non rradiated samples, a statist-cally significant increase in
'-fflux of calcium ions (P less than 0.01) was observed in
r I a tated ; aiptes at a modulation frequency of 16 Hz and at a

ouwer density of 0.75 mW/cm.2. Our data confirm the existence
of the frequency "window" reported by Bawin et al., as well as
a rarrow power-density "window" within which efflux of calcium

n; n ', . r 11,nr.e d .
nTHER INFORMATION: This research was directed toward
reproducinq the calcium-efflux phenomenon in chick brains
reported by Bawin et al. (1975) for 147 MHz RFR modulated at
suh-ELF 4io-u ncies. After decapitation of each chick, its
forebr-i removed and divided at the midline, and each half
was we-.-ied. Each specimen was then immersed in 1 ml of
physiulogical medium labeled with Ca-45 and agitated for 30 min
at 37 deg C. The radioactive medium was aspirated and each
half hrain was rinsed successively in two 250-mi volumes of



nonradioactive medium and bathed in 1 ml of medium during

exposure or sham exposure. Half brains were exposed for 20 min
each in two series, with the corresponding halves serving as

controls. In one series, the modulation frequency was 16 Hz

and the power density was 0, 0.5, 0.75, 1.0, 1.5, or 2.0
mW/cm.2; in the other, the power density was 0.75 mW/cm.2 and

the modulation frequency was 0, 3, 9, 16, or 30 Hz. Following
exposure or sham exposure, 0.2-mL aliquots of bathing medium
were assayed or radioactivity by Liquid scintillation
counting. The counts per min (CPM) value for each specimen was

divided by the weight of the specimen and the difference in

value for an exposed half brain and its corresponding control

half was treated as the variable for statistical analysis. The
results for constant power density (0.75 mW/cm.2) showed that

the mean difference at 16 Hz is significantly higher (P less

than 5%) than the mean at 30 Hz and the mean for the
sham-exposed specimens. Increases were rioted for the groups

exposed to unmodulated, 3-Hz, and 9-Hz modulated RFR, but these

increases were not statistically significant. The results for
varied power density with 16-Hz modulation showed that the mean
difference for 0.75 mW/cm.2 was significantly higher (P less

than 1%) than the means for sham exposure and the other four
power densities. Also, the means for the latter differed

little from the mean for sham exposure. The authors state

that: "These results indicate a maximal power-density effect
at 0.75 mW/cm.2 and no enhancement at levels plus or mi-lus 0.25
mW/cm.2 of this value. The narrow width of this window was not

observed in the preliminary study in which intermediate values
for enhanced efflux were found at 0.5 and '.0 mW/cm.2."

FINAL CRITIQUE: The results of this research represent
experimental confirmation for the existence of the calcium
efflux phenomenon in excised chick brains, at least for
moduLated 147 MHz RFR. The power density window described in

this paper appears to be narrower than the windows found by

Bawin and coworkers for modulated 450 MHz RFR (Sheppard et al.,
1979) and sirusoidal sub-ELF fields (Bawin et al., 1979). It
is difficult to ascertain the significance of this in-vitro

phenomenon with regard to possible in-vivo effects in humans.
REFERENCES: Bawin, S. M., L. K. Kaczmarek, and W. R. Adey,

EFFECTS OF MODULATED VHF FIELDS ON THE CENTRAL NERVOUS SYSTEM,
Ann. N. Y. Acad. Sci., Vol. 247, pp. 74-81 (1975)

Bawin, S. M. and W. R. Adey, SENSITIVITY OF CALCIUM BINDING IN

CEREBRAL TISSUE TO WEAK ENVIRONMENTAL FIELDS OSCILLATING AT LOW
FREQUENCY, Proc. Nat. Acad. Sci., Vol. 73, No. 6, pp. 1999-2003

(1976)
D048-6604/79/1112-S021, Sheppard, A. R., S. M. Bawin, and
W. R. Adey, MODELS OF LONG-RANGE ORDER IN CEREBRAL
MACROMOLECULES: EFFECTS OF SUB-ELF AND OF MODULATED VHF AND .
UHF FIELDS, Radio Sci., Vol. 14, No. 65, pp. 141-145 (1979)
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Sheppard, A. R., S. M. Bawin, and W. R. Adey

MODELS OF LONG-RANGE ORDER IN CEREBRAL MACROMOLECULES: EFFECTS

OF SUB-ELF AND OF MODULATED VHF AND UHF FIELDS

0048-6604/79/1112-$021, Radio Sci., Vol. 14, No. 6S,

pp. 141-145 1979)

Study type: (5) Nervous system (calcium efflux), (11)

Mechanisms of interaction; IN-VITRO; CHICK

Effect type: Alterations of calcium binding to cell membranes

in chick brains
Frequency/wavelength: 450 MHz

Modulation: 90% at 16 Hz
Power Densities: 0.5 to 5 mW/cm.2

SAR: Unknown

Exposure conditions: After incubation in physiological

solution containing Ca-45 and washing in nonradioactive

solution, brain halves were immersed in fresh physiological
solution while being exposed for 20 min.

AUTHOR ABSTRACT: Weak RF fields (450 MHz) that were

sinusoidally modulated at 16 Hz increased the efflux of calcium

ion from freshly isolated chick brain. The data demonstrate
upper and lower bounds for power levels of incident fields at

hich the change of efflux is observed. These bounds, greater

than 0.05 mW/cm.2 and less than 2.0 mW/cm.2, constitute an

amplitude window for the calcium-efflux effect, which is also
characterized by a frequency window demonstrated in previous

experiments. The mechanisms by which weak low-frequency fields
-- or weak high-frequency fields modulated at sub-ELF rates--
interact with biological tissue derive from the properties of
the biological components of neuronal membrane and from the

unique dielectric properties of biological tissues in fields

that oscillate at brain-wave frequencies.

OTHER INFORMATION: A total of 190 chick brains was used in Ii
this study. After the cerebrum of each chick was removed,
separated into hemispheres, and weighed, the specimens were

incubated at 36 deg C for 30 min in a physiological solution

containing Ca-45 and rinsed 3 times in nonradioactive solution.

Groups of 5 half brains, each in 1 ml of physiological

solution, were exposed for 20 min. After exposure, 0.2-mL

aliquots of the solution were assayed for radioactivity by

liquid scintillation counting. In addition, the half brains
were dissolved overnight and assayed for radioactivity. The

corresponding half brains of each group served as controls;
t hey were not exposed but were otherwise similarly treated

together with the exposed specimens. The authors indicate that
it was ,.nt necessary to discard any data points (as was done

with ex reme values in their previous studies; see Bawin and
Adey, Iv76). Modulation of only 16 Hz was used, this being the
fre,eicy for maximum effect in prior studies with 147 MHz

(Pawin Pt ai.., 1975). Incident average power densities of
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0.05,- 0.1 0, 1 .0, 0,/ an I j -i wr d t h e m e an
rad ioa ct i vi t y v a I u e s f u r r-a 2i t A p, Ij w f r n r m a L1 z ed toa
t he mean , a Lu es- f or t he L ur rec, s -, rt ro op . T hec
a ss a ys o f t he bU I~ h i r, 3 0 t u t 1 1j1, ii , ;tuit catt y
sign if icant (at e ss then T a i '% .rrae calcium

e f f Lu f or 0. 10 a nd 1. 5 m W/r. an f).a~ CAi .+r P2.0 o r 5. 0
mW/cm.2. There was a decrease ior 0.05 ;PW/cm.? but the change
was not statistically siqnifica-nt. The )ssay, -if the dissoLved
brain specimens indicated that th( rIT-att-oc'1o of Ca-45
rema in s in t he t i5Suie anI)d t h at F er wet n10 ;a t i t ca LL y
significant differences <n t er e -;sys c)etweer exposed and

coto roups. TheP au h or s p ,o s e j m oa r arth

interaction of weak elect 'ric fieco-!, irn r nrimembranes,
which des cr ibes ampLi f ic atior) o f ,:e ak s iga I y t he
cooperative behavior of qlycoprote~n-oond ions under the
influence of a field enhanced by the pol at 2ation of
surrounding unbound ions. They sungo:-1 that the oresumed
field-trigge-ed cooperative behavi~r of 10)e tUcund ions could
change the calcium binding and qjr rise to tt.- effects found.
A recent review of the work at mru~a':ed 147 Mniz and 450 MHz
RFR and at Isu b- E LF fie Ld s i s q i v E n Ad e y (1980 ).
FINAL CRITIQUE: The oc cu~rrencfe of a " iid- ';n6irced cal cium
effLux, confirmation of wnich was cr aurICO oy FIackman, et
at. (1979) for modulated 147 MHz RFFR, requires that some
nonlinear mechanism exist in the prenarat ons trat -Is capable
of recovering and/or respondino to Dne Do tarity of the
modulation envelope. Such a mechanism wcufd atso have to have
a time constant corresponding app *a-)xnateL to chat for 16 Hz.
The paper specul ates about such mocnar, srs , arc_ states t hat :
"Adley has suggested that the 36b-ELF envet.ope mo,essedl on the
RF carrier is detected at the pGoiyunion~c Iurf,,ce due to a
strong asymmetry in charge distribui4 with tesoect to that
surface. The charge as ymmetry at the bo-ders, of
g Iy cop rot e i n-dens e r egian s may a i l 0 d em nOulIa t -on mu ch a s i n
the case of a semi ,:ndulctor dicue LOut fu-ther details of the
mechanism and its coupt i 'g to the cooper -i e system have not
been dlevetoped.' Amon,? .he oborervat~on! not yet accounted for
are why increa-ed calcium effliux occufs for modulated 147 and
450 MHz RFR and decreased e f fltux -F , rinuso ida. sub-ELF fietls,
and why the phenomenon only occurs it hin an amplitude or
power-dlensity window. In addition, it isi difficult to
ascertain the siprificance of thJis iri-vi tro- effect inchick
(and cat) brains with regard to no,iihle in-vi\o effects in
humans.
REFERENCES: 0018-9219/80/0001-0119, Adley, W. R., FREQUENCY AND
POWER WINDOWING IN TISSUE INTERACTIONS WITH WEAK)
ELECTROMAGNETIC FIELDS, Proc. IEEE, Voi. 68, No. 1, pp. 119-125

(1 980)
8awin, S. M. and W. R. Adjey, Sf:NSVI IITY (IF CALCI UM BINDING IN



CEPEPRAL TISSUE TO WEAK ENVIRONMENTAL ELECTRIC FIELDS
OSCILLATING AT LOW FREQUENCY, Proc. Nat. Acad. Sci., VoL. 73,
No. 6, pp. 1999-2003 (1976)
Bawin, S. M., L. K. Kaczmarek, and W. R. Adey, EFFECTS OF
MODULATED VHF FIELDS ON THE CENTRAL NERVOUS SYSTEM,
Ann. N. Y. Acad. Sci., Vol. 247, pp. 74-81 (1975)
0048-6604/79/1112-S014, Blackman, C. F., J. A. ELder,
C. M. Weil, S. G. Benane, D. C. Eichinger, and D. E. House,
INDUCTION OF CALCIUM-ION EFFLUX FROM BRAIN TISSUE BY
RADIO-FREQUENCY RADIATION: EFFECTS OF MODULATION FREQUENCY AND
FIELD STRENGTH, Radio Sci., Vol. 14, No. 6S, pp. 93-98 (1979)
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(5) NERVOUS SYSTEMS (EEG and EP)

List of Analyses

Chou, C.-K., A. W. Guy, J. B. McDougall, and L.-F. Han
EFFECTS OF CONTINUOUS AND PULSED CHRONIC MICROWAVE EXPOSURE ON
RABBITS
In ABSTRACTS OF OPEN SYMPOSIUM ON THE BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, Helsinki, Finland (1978)
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C h ou, C(.-K.,P W. t. .P 'D~;ai :c . Han
E FF EC TS O F C N fI IN I IIS AN D P)Ut i HR Q N( 1C M I CPOW AV I EX1POSURF ON
RABBITS
In ABSTRACTS OF P(PF N :M fi) SI O lV1N T H F3 1 01 CA L IF FF[TS OF
ELECTROMAGNE71iC W A VC -He ri -i i (7'
Study type : ( ') ) N- t 5 1 1 (F , r,, - F , (
Biochemi caL/phs c' , oInq i , (4) 1 s 18 r interactionis,
(6) Behavioral; IN-VII'C; PAFIHIT
Effect tvpe: E EC & IP r,, d w' 1  ; r) r; i c r!'.m t
ocular; drug-ibehav-rr jl h i t ora !h L ) c
Frequency/waveLerqih: ?.45 CH+"
Modulat ion: CW andc ru -,,ci
Power densities: 1 .5 W / c m.2 P m 1. k/ c m .2 Av
SAR: 1.64 W/kq1 Pk in, head; 2.1 W/k.q P in back
Exposure conditions: 2 hrs/da> for 3 mon,
AUTHOR ABSTRACT: Eighteen young adult New ZeaLand rabbits
(nine mates, nine f ema I e ,) te r e c qu a LIy d iv idcd into three
groups. One grou,- was exnosc(-d to CW 2450 MHz fields at an
inc ident power deusi s of 1.5 m(W/cm.2 ',or two tours daity for
three months. AnCorP hrCroup was exposed to puLsed fieLds with
pulses 10 m icr cse conr.d du r at i 0", cc cu r r irr 100 times ner second.
The third -irours wa_ s.harr exposed. Eacor, !-bbit was tI aced in a
plexiglass, caau Sand ex; osea in a mirniature p lane-wave exposure
chamber. An S-bardi Warn was mo unt(-d 1 mabove the animalI.
Thermograrhi c data showeri a p eak SAR of 1.64, W/kc in the head
and 2.1 W/ko in the back. Body weights were measured every
other day. EEC anid eveked octentials were recorded weekly via
implanted carb.on-lo-a !cp lefLon electrodes. B~rood sampLes were
taken monthly fur ni-maiolcnicaL, chemical, and mornhoLogical
studies. Eyes were, examined tor cataract formation. At the
end of this s;tuciy, apomorphine was iniecred into the animals to
study the differences in induced behavioral, excitat ion and
hyperthermia. Finialy, pathoLoniicat exami'nations on miany
tissues and or pans~ wcere per forned. Stat istiClt~y, there were
no si gni f icart d 1 f terences i n mea:urec parameters, observed
between the expos;ed and sham animals. The large variations in
EEG and evoked potentials made the comparison difficult.
Preliminary results on drug-induced behavioral study showed
some indi cat ion of di fferences in exposed a n imal[s .
OTHER INFORMAIION: bE)_ varied widely from animal to animal and
for the same animal at dilferent times. The histopathology
studies were done onL on animals that sur vived the
drug-injection studies.
INITIAL CRITIQUE: There were no statistically significant
differences among the CW, pulsed, and sham-exposed groups in
body-weight gain per day, EEG, visually and auditory evoked
notentiaLs, blood chemistry, or histopa-thoLoqy. Also, no
cataracts developed ini any animajl. However, ShandaLa et
a t . C1 97 6 ) h a d r epu r t ed t h a t rhe FEG f r c puen cy w as st a ble i n



contrj)l animals, whereas Chou et aL. found variabiLity for

sham-exposed as welt as RFR-exposedl animats. Also, the
/j r ia bi L t yo f t he v isua lly evoked potentiaLs found by Chou et

il wa;, contiry to the findings of Baranski and Edetwejn
lq974). This initial study of the synergistic effects of RFR
1,). j ooMorphine-indluced hyperthermia and reLated hyperactivity

w_, no't as successfuL as hoped because the animals used were
f-ir1 t-) be far more sensitive to the doses of apomorphine than

-eported in the literature, and a number of the animals died
;nojrt~v after injection. The findings of Chou et at. indicate
lhal the RFR-exposed animals are more sensitive to apomorphine

ria the~ sham-exposed animaLs,, with higher sensitivity to those
~~ to pul sed RFR than to CW. However, because of the

sma'.. nimbers, of animals in this part of the study, the
valility of this finding is difficult to assess. A l arger
s tudy i s necessary .
REFERENCES: Baranski, S. and Z. Edelwejn, PHARMACOLOGIC
ANALYSIS OF MICROWAVE EFFECTS ON THE CENTRAL NERVOUS SYSTEM IN

FXPERIMENTAL ANIMALS, in P. Czerski et at. (eds.), BIOLOGIC

EFFECTS ON -HE CENTRAL NERVOUS SYSTEM IN EXPERIMENTAL ANIMALS,
Po,.is! M-ical Publishers, Warsaw, pp. 120-127 (1974)

Shin13i'a, M. G. et at., STUDY OF THE EFFECTS OF NON-IONIZING
MICROWAVE RADIATION ON THE CENTRAL NERVOUS SYSTEM AND
BEHAVJIORAL RESPONSES, First Report on Topic 4.1 of the US/USSR
CooDo~jr'at - P-rqr-)m, D. McRee (Coordinator), NIEHS, Research
T~ rg P 1r~ NC 1976)

1 31



(6) BFHAVIORAL

List of Analyses

Chou, C.-K., A. W. Guy, J. B. McDougall, and L.-F. Han
EFFECTS OF CONTINUOUS AND PULSED CHRONIC MICROWAVE EXPOSURE ON
RABBITS
In ABSTRACTS OF OPEN SYMPOSIUM ON THE BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, Helsinki, Finland (1978) (See "Nervous
System (EEG and EP)" for arnalysis.)

Frey, A. H., S. R. Feld, and B. Frey
NEURAL FUNCTION AND BEHAVIOR: DEFINING THE RELATIONSHIP
Ann. N.Y. Acad. Sci., Vol. 247, pp. 433-439 (1975) (See "Nervous
System (Blood-Brain Barrier)" for analysis.)

KaLyada, T. V., P. P. Fukalova, and N. N. Goncharova
BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHz RANGE
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS OF HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 52-57 (1974) (See "Epidemiologic" for analysis.)

Klimkova-Deutschova, E.
NEUROLOGIC FINDINGS IN PERSONS EXPOSED TO MICROWAVES
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 268-272 (1974) (See "Epidemiologic" for analysis.)

Pazderova, J.
WORKERS' STATE OF HEALTH UNDER LONG-TERM EXPOSURE TO
ELECTROMAGNETIC RADIATION IN THE VHF BAND (30-100 MHz)
Pracovni Lekarst i (in Czech), Vol. 23, No. 8, pp. 265-271
(1971). Englis trans ertiun: JPRS No. UDC
616-001.228.1-057-07 (1971) (See "Epidemiologic" for analysis.)

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION
IN VARIOUS OCCUPATIONAL GROUPS
In P. Czerski et al. (eds.), BIOLOGIC EFFECIS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 261-267 (1974) (See "Epidemiologic" for analysis.)



(7) ENDOCRINOLOGICAL

List of Analyses

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION
IN VARIOUS OCCUPATIONAL GROUPS
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 261-267 (1974) (See "Epidemiologic" for analysis.)
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(8) IMMUNOLOGICAL

List of Analyses

Kalyada, T. V., P. P. Fukalova, and N. N. Goncharova
BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHz RANGE
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 52-57 (1974) (See "Epidemiologic" for analysis.)

LiLienfeld, A. M., J. Tonascia, S. Tonascia, C. H. Libauer,
G. M. Cauthen, J. A. Markowitz, and S. Weida
FOREIGN SERVICE HEALTH STATUS STUDY: EVALUATION OF HEALTH
STATUS OF FOREIGN SERVICE AND OTHER EMPLOYEES FROM SELECTED
EASTERN EUROPEAN POSTS
Final Report, July 31, 1978, Contract No. 6025-619073, Dept. of
Epidemiology, School of Hygiene and Public Health, The Johns
Hopkins University, Baltimore, MD (1978) (See "Epidemiologic"
for analysis.)
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(9) BIOCHEMICAL/PHYSIOLOGICAL

List of Analyses

Chou, C.-K., A. W. Guy, J. B. McDougall, and L.-F. Han
EFFECTS OF CONTINUOUS AND PULSED CHRONIC MICROWAVE EXPOSURE ON
RABBITS
In ABSTRACTS OF OPEN SYMPOSIUM ON THE BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES, Helsinki, Finland (1978) (See "Nervous
System (EEG and EP)" for analysis.)

KaLyada, T. V., P. P. Fukalova, and N. N. Goncharova
BIOLOGIC EFFECTS OF RADIATION IN THE 30-300 MHz RANGE
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 52-57 (1974) (See "Epidemiologic" for analysis.)

KLimkova-Deutschova, E.
NEUROLOGIC FINDINGS IN PERSONS EXPOSED TO MICROWAVES
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 268-272 (1974) (See "Epidemiologic" for analysis.)

Lilienfeld, A. M., J. Tonascia, S. Tonascia, C. H. Libauer,
G. M. Cauthen, J. A. Markowitz, and S. Weida
FOREIGN SERVICE HEALTH STATUS STUDY: EVALUATION OF HEALTH
STATUS OF FOREIGN SERVICE AND OTHER EMPLOYEES FROM SELECTED
EASTERN EUROPEAN POSTS
Final Report, JuLy 31, 1978, Contract No. 6025-619073, Dept. of
EpidemioLogy, School of Hygiene and Public Health, The Johns
Hopkins University, Baltimore, MD (1978) (See "Epidemiologic"
for analysis.)

Oscar, K. J., S. P. Gruenau, M. T. Folker, and S. I. Rapoport
LOCAL CEREBRAL BLOOD FLOW FOLLOWING MICROWAVE EXPOSURE
Presented at the Bioelectromagnetics Symposium, U. of
Washington, Seattle, WA, 18-22 June 1979 (See "Nervous System
(BLood-Brain Barrier)" for analysis.)

Pazderova, J.
WORKERS' STATE OF HEALTH UNDER LONG-TERM EXPOSURE TO
ELECTROMAGNETIC RADIATION IN THE VHF BAND (30-300 MHz)
Pracovni Lekarstvi (in Czech), Vol. 23, No. 8, pp. 265-271
(1971). English translation: JPRS No. UDC
616-001.228.1-057-07 (1971) (See "Epidemiologic" for analysis.)
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(9) BIOCHEMICAL/PHYSIOLOGICAL

List of Analyses (continued)

Pazderova, J., J. Pickova, and V. Bryndova
BLOOD PROTEINS IN PERSONNEL OF TELEVISION AND RADIO

TRANSMITTING STATIONS

In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, PoLish Medical Publishers,
Warsaw, pp. 281-288 (1974) (See "Epidemiologic" for analysis.)

Robinette, C. D. and C. Silverman

CAUSES OF DEATH FOLLOWING OCCUPATIONAL EXPOSURE TO MICROWAVE
RADIATION (RADAR) 1950-1974
In D. G. Hazzard (Ed.), SYMPOSIUM ON BIOLOGICAL EFFECTS AND

MEASUREMENT OF RADIOFREQUENCY/MICROWAVES, Dept. of Health,
Education, and Welfare, Washington, D. C., HEW Publication
No. (FDA) 77-8026 (1977) (See "Epidemiologic" for analysis.)

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION
IN VARIOUS OCCUPATIONAL GROUPS
In P. Czerski et aL. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 261-267 (1974) (See "Epidemiologic" for analysis.)

Siekierzynski, M.
A STUDY OF THE HEALTH STATUS OF MICROWAVE WORKERS
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH
HAZARDS OF MICROWAVE RADIATION, Polish Medical Publishers,
Warsaw, pp. 273-280 (1974) (See "Epidemiologic" for analysis.)
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(11) MECHANISMS OF INTERACTION

List of Analyses

Bawin, S. M. and W. R. Adey
SENSITIVITY OF CALCIUM BINDING IN CEREBRAL TISSUE TO WEAK
ENVIRONMENTAL FIELDS OSCILLATING AT LOW FREQUENCY
Proc. Nat. Acad. Sci., Vol. 73, No. 6, pp. 1999-2003 (1976)
(See "Nervous System (Calcium efflux)" for analysis.)

Bawin, S. M.,L. K. Kaczmarek, and W. R. Adey

EFFECTS OF MODULATED VHF FIELDS ON THE CENTRAL NERVOUS SYSTEM
Ann. N.Y. Acad. Sci., Vol. 247, pp. 74-81 (1975) (See "Nervous
System (Calcium efflux)" for analysis.)

Sheppard, A. R., S. M. Bawin, and W. R. Adey

MODELS OF LONG-RANGE ORDER IN CEREBRAL MACROMOLECULES: EFFECTS
OF SUB-ELF AND OF MODULATED VHF AND UHF FIELDS
0048-6604/79/1112-S021, Radio Sci., Vol. 14, No.6S,
pp. 141-145 (1979) (See "Nervous System (Calcium efflux)" for

analysis.)
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(14) REVIEW

List of Analyses

Sadchikova, M. N.
CLINICAL MANIFESTATIONS OF REACTIONS TO MICROWAVE IRRADIATION

IN VARIOUS OCCUPATIONAL GROUPS
In P. Czerski et al. (eds.), BIOLOGIC EFFECTS AND HEALTH

HAZARDS OF MICROWAVE RADIATION, Polish MedicaL Publishers,
Warsaw, pp. 261-267 (1974) (See "EpidemioLogic" for analysis.)
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Hagmann, M. J. a rd 0. P. Gardh

NUMERICAL CALCULATION OF ELCTROMAGNETIC ENERGY DEPOSITION IN
MODELS OF MAN WITH GROUNDING AND REFLECTOR EFFECTS
0048-6604/79/1112-SO05, Radio Sci., Vol. 14, No. 6S, pp. 23-29

(1979)
Study type: (16) Physical methods/dosimetry; BLOCK MODELS;

HUMAN

Effect type: Theoretical calculations of RFR energy-absorption
distributions in humans near ground and other reflectors

Frequency/wavelength: 10 MHz to 1 GHz

Modulation: Presumably CW
Power Densities: Not applicabLe

SAR: See results

Exposure conditions: Not experimental
AUTHOR ABSTRACT: Image tneory has been used to obtain
moment-method sc utions of the deposition of electromagnetic

energy in standard man as a function of grounding and reflector
effects. The calculated values are in good agreement with
experimental data. For the electric vector parallel to the
song axis of the body, the resonant frequency of standard man
snifts from 77 MHz in free space to 47 MHz when standing on a
ground plane. The dependence of reflector effects on spacing

and frequency are in agreement with the gain enhancement

calculated for dipoles by antenna theory.
OTHER INFORMATION: The Hagmann et al. (1979) homogeneous,

180-celL block model of the "standard" man was used in
conjunction with either a ground plane or one or more
reflectors, all of which were assumed to be infinite and

perfectly conducting. For calculations, these planes were
replaced with appropriately located images of che model. For
the model in conductive contact with the ground plane, the

whole-body resonance is at 47 MHz at which the average SAR is
32.5 percent higher than at 77 MHz, the resonance in the
absence of the ground plane. Part-body resonances are also

evident, with the effect greatest in the legs and neck and
least in the head. However, such ground-plane effects are
Largely eliminated if conductive contact with the ground is
removed. In the presence of reflectors, the whole-body SAR

depends on the spacing in wavelengths of the body from the
reflectors. In general, the whole-body SARs are enhanced by
about the same amount as the ratio of the effective area of a
dipole in the presence of such reflectors to the area in their

absence, but the values for the model show a pronounced

roll-off at higher frequencies than the corresponding values

for a thin dipole of the same length, presumably because of the
Lateral extent of the model. However, the relative
distribution of SAR within the model is not greatly affected by
the presence of such ref!ectors. The authors also mention that

for certain combinations of length and width of reflecting

42
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n e o , a finite corner reflector may exhibit far higher gain
(su o or (ain) than a similar reflector of infinite extent.
INAL CRITIQUE: Th- resuLts of this theoretical study are

i iterst ing as far as they go. However, their appLicability to
°,vestigations of bioeffects of RFR appear to be limited to

;,rv ~ew if any realistic exposure situations, not only because
of tile a'surntion of infinite, perfectly conducting planes, but
also because of the sensitivity of the results to the distance
of the m.( Jel (in wavelengths) from such planes. For example,
siqn ific nt nhol e-body SAR enhancement would occur primarily if
a s-ihiect is fortuitousLy located relative to a corner
reflector or is in conductive contact with a highly conductive
re, orn of the ground. The authors also state that effects of
finite conductivity have not been treated yet.
REFERENCES: 0018-9480/79/0900-0804, Hagmann, M. J.,
0. P. Gaindhi, and C. H. Durney, NUMERICAL CALCULATION OF
ELFCTROMAGNETIC ENERGY DEPOSITION FOR A REALISTIC MODEL OF MAN,
IEEE Trans. Microwave Theory and Tech., Vol. 27, No. 9, pp.
904-909 (1979)
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Hagmann, M. J., 0. P. Gandhi , and C. H. Durney
NUMERICAL CALCUIATION OF FLECFROMAGNErIC ENERGY DEPOSITION FOR A

REALISTIC MODEL OF MAN

0018-9480/79/0900-0804, IEEE Trans. Microwave Theory and Tech.,
Vol. 27, No. c, pp. 804-809 (1979)
Study type: (16) Physicat methods/dosimetry; BLOCK MODEL;
HUMAN

Effect type: Calculations of whol-body SAR and SAR
distributions in a block model of man
Frequency/wavelength: 10 to 600 MHz
Modulation: CW tac 4 tly a r imeI

Power Densi ti es: Nnt re ,-v uit

SAR: Various whol-bhl y a o distributed SARs cited
Exposure conditions: Electic vector parallel. to the long
(symmetric) axis of the mode', and propagation from front to

bac k
AUTHOR ABSTRACT: Numerical calculations of absorbed energy
deposition have been made for a block model of man that is
defined with carefu' attention Iv en to the biometric and
anatomi cal. feat ire,; of .a human being. Cal culated post-resonant
absorption nd dist-ihior u f denosi <on through the
body have better aire-r t w 'I-h experimental results than
previous caL c ti ot s m le us 1 -,s r a Is ti c modets.
OTHER INFORMATtON: T : i t. hDrS used I ltt of 180 cubical
c e L Ls of v a r i ous s z e t ht n a b f to t e e cont 0 u r of
the "standard" m . (7 -i m high). They assimed a symmetry
plane betwee'i the f V n n r .-I:ht side- to reduJe the number of
celLs needed ft - cit..i I at I ons to 90, pointi-,g out that the
soluti -ns are ofi i app! i -ihIe for ino-ideot fields in which both

the electric and r(,o ii on vectors are in the symmetry plane.
The complex pprrmi tiv v wa assumed to he homogeneous within
each cell, '1n' th?, -! ,rn- - we;qhted va[ ue f o each cell was
determined from t s uo r) r spprties reported in the literature.
Unlike prev' I r r) w . ,*i ., n i hal

energy-denons t f *i ., b,'i eori ad icent celts as high as
239:1 (at 10 lt o.1 ' re -. r lq ere thc cell-homogeneity
assumpt ;)n Ij, . c; ,, , t ' pros, .nt modelI yielded a maximal
ratio of 8: 1. T e .j n e- bo d y SAR iatues obtained for the
region be( ow ,e ' 3ar ',e )re w thin 10 percent of those
calculated for prolate-soheroidaL and ellipsoidal models, and
also show the 1/f deperdonce found exper mentally. However,
the block models nermit far more acruirate calculations of SAR

di stri buti ons.
FINAL CRITIQUE: This par:', s a representative example of a
number of papers by these cird -ther investigators on the
sbject of theoreti cat ca. cii t i ors o f  whole-body SAR and
internal SAR list ri but i , nr q t h!, -. oni fi cant progress
being made in rel Iat i iq on'r r . h'rrpt i or rates to incident
power densi ties. F 4ce I er It , f evi ws of the subject are given by

___ __ __ __ ___ __ __ __* - . . ..- -



Dirney (1980) and Gandhi (1980). However, these treatments
yieLd numericaL data only on energy-absorption distributions,
and not on actual temperature distributions that would occur
for in-vivo exposures, because the analyses do not account for
heat removal mechanisms such as by blood circulation.
REFERENCES: 0018-9219/80/0100-0033, Durney, C. H.,
ELECTROMAGNETIC DOSIMETRY FOR MODELS OF HUMANS AND ANIMALS: A
REVIEW OF THEORETICAL AND NUMERICAL TECHNIQUES, Proc. IEEE,
Vo. 68, No. 1, pp. 33-40 (1980)
0018-9219/80/0100-0(124, Gandhi, 0. P., STATE OF THE KNOWLEDGE
FOR ELECTROMAGNETIC ABSORBED DOSE IN MAN AND ANIMALS,
Proc. IEEE, Vol. 68, No. 1, pp. 24-32 (1980)
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Hagmann, M. J., 0. P. .d ), IA A. d'A r cdrea, and I . Chatterj ee
HEAD RESONANCL: N1MFF'.ICMA SOLLUItiON AND FXPERIMFNTAL RESULTS
01319-9480/79!(0900-809, I r w crj e Theory and Tech.,

Vol . 27, No. 9, pp. 8NO- 8' 1 5 £IQ?9

Study type: ( ) Ph , raI m,, /do ime ry; BLOCK MODEL Of

HUMAN; IN-VIVO RAT
Effect type: The ret at -rd ea Ix r Prne l a determinations of
SARs for attached and it i,, hotv,.-

Frequenc y / wa v e en rI t h F x p f: eq a I4 G H
Modulation: Presuman / W

Power D)ef;c1 ieq Hr , 'n e ' .Wr

SAR: See ,- 'iA ta
Exposur m-or i ons: MJitn . , ;.' . pr-,se ected sizes were
Pxposed at 2.4; 7 , - sea' _j !I ; t: i -d - t ,e results, to
obtain values ul SAP in *A R . .e -a e models.
AUTHOR ABSTRA( T : , c ' - j io- and

experi ments w' F p .. .- - , a P periments with
hehonq RiJas L', " o n, q- E a nH aad resonance.

G reatest a (Dorp, ] A U,- , ri occurs at a
Sequency of a h M0 A,. t ranqeC. for wave

propagat i r f rr .,'- , the t Lectric field
q p ra e ,' . .-. t a,Corotion cross

;t ; on f)r rhe n1Fn pe approximately 3.5
ies it phy :

OTHER INFOR'A ATON , r" I 79) L,-Drk model of
he "stan, , ,, . t he r'umber o' cells
.i the he-I fr m 4 32 i nhe neck region.

For f rot-to--h • n L 'ct r c 'vector para, lel
to th e nr- q I o head reonance at

bot 350 MR , t ) r t he head is about
0.12 W/kq por mW. Cm.: ." 9, : wn-r e body about 0.05.

At 450 MHz, ) 'e,i I ',jp ,A qji- I 17, o t,. this head resonance

relative-,- r o, a r' rc e ;i t 375 MHz was

obtaine d- d,;,. , . 7, t ' :: 'q ueFiLy, the

head SAR is -j , i- . , 1.i ' " - i .2 r that of the whole tj
rody about 0.07. 0 ' . m <.-entc were performed at
2.45 GHz W "I , -, f -,iv i no e nath- of 20.3,
?5. , 33. r f ., r - - n 9  to scaled frequencies of

2 4.....3.. .". S, r e-1 e tive 1,y. Whote-body

average SAPs a'- !e f., '-1 , n hoad were measured with I
a calorimeter r I i i at the experimental results
'or head-to-tao pr ' .,i i w t- qool agreement with the
caLculated va ups, w t r,, r for the plotted

w olI e-bndy re" 1;i s 1iw v ,, P expe- imental value of head
OAR at 355.6 MHz (cito , - l; o eoretical resonance) appears

4o be consi derabl y i ri w 'i tl i at c Iat a ed value. Whole-body
and head SAPs wer , m ii T, Lm r ica ly at 2.45 GHz

for freshly ki I ed at ' 'i t c-t that head resonance

is more pronineqe tnr he d-t,1-t,3 thar for broadside



prop iiw oin, or t the SAR data cited are for 2.45 GHz only, not
for a ringe of trequencies necessary to reveal a peak. They
a , L measured colonic and brain temperatures in anesthetized
rats (at 2. 45 GHz), and found that the ratio of
head-to-whole-body heat content for the anesthetized rat is
sma!ter than for the de3d rat, and ascribe this finding to
bLooJ ci rc ,j ti on in the former.
FINAL CRITIQUE: As stj.ted by the authors, the calculated
re-onan':e at 37'l MHz of the attached human head for head-to-toe
,ropaga oi r - 1,e- than the 450 MHz value calculated by
Joi ) q and SpIegeL (17?4) for the 10-cm multilayered spherical
model, of the isolated head. However, their experimental
corroboration is not as strong as they imply. Specifically,
examina'ion of their four experimiental points shows that the
resonant frequency is somewhere between 400 and 450 MHz, and it
is difficult to estimate the average SAR at this frequency.
Thus, their conclusion that energy absorption in the head is
strongly dependent on the presence of the rest of the body,
thoaugh orobably true, is weakened. Although such studies of
head resonances based on averaged SARs are usefuL, the
caLcula'ed SAR distriuutions within the head, which are not
liscuso ed, ,11 j1d he of greater significance with regard to
poss> - RFR n >-ttects. In this context, see for example,
Ruk-s ullmuaro and Cheng (1979). Regarding the experimental
worK, wi th ratr,, e results are too few in number to permit any
oncLusions that were not known or surmised from prior work.

RF[EPENciFS: 0018-948()/ 910900-0804, Hagmann, M. J.,
o. P. ' iJhi , and C. li. Drney, NUMERICAL CALCULATION OF
F!_EC T RCMAGNETIC ENERGY DEPOSITION FOR A REALISTIC MODEL OF MAN,

t I - an . Mi -, owave Theory and Tech., Vol. 27, No. 9,
up. 80L-809 (1979)
Joines, W. T. and R. J. Spiegel, RESONANCE ABSORPTION OF
MICROWAVES BY THE HUMAN SKULL, IEEE Trans. Biomed. Eng.,
Vol. .1, No- I, pp. 46-48 (1974)
0048-6604/79/1112-$009, Rukspollmuang, S. and K.-M. Chen,
WATING OF SPHERICAL VERSUS REALISTIC MODELS OF HUMAN AND
INFRAHUMAN HEADS BY ELECTROMAGNETIC WAVES, Radio Sci., VoL. 14,
No. 6S, no. 51-62 (1979)
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Kritikos, H. N. and H. P. Schwan

FORMATION OF HOT SPOTS IN MULTILAYER SPHERES

IEEE Trans. Biomed. Eng., Vol. 22, pp. 168-172 (1976)

Study type: (16) Physical methods/dosimetry; SPHERICAL

MODELS; HUMAN
Effect type: SAR distributions in miltilayer spherical models

of th'.. human head
Frequency/waveLength: About 50 MHz to 10 GHz

Modulation: Assumed CW

Power Densities: Not relevant

SAR: See results

Exposure conditions: Not experimental
AUTH(Q ABSTRACT: A theoretical study of the distribution of
the normalized heating potential resulting from a plane wave

incident in a multilayered sphere simulating a human head with
skin, fat, bone, and brain tissue layers has been undertaken.

It was found that for spheres of radii 10 cm and 5 cm a
relative peak of the normalized heating potential occurs in the
vicinity of the center of the sphere. For the case of the 5 cm

sphere in the range of frequencies 400 MHz to 2.76 GHz the
maximum value of the heating potential occurs at the center

suggesting the possibility of a hot spot. A comparison between

the multilayer and a single layer model shows that the maximum

values of the heating potential are the same.

OTHER INFORMATION: The model treated in this paper is a
refinement of the homogeneous sphere analyzed previously by

these investigators (Kritikos and Schwan, 1975). It consists

of concentric spherical layers having thicknesses and the
dielectric constant and electrical conductivity values

approximating those for the skin, subcutaneous fat, skull, and
brain of a human. As in the previous paper, the authors
present their results in terms cf the "normalized differential

absorption cross section," delta-S, which they define as the

power absorbed per unit volume (W/cm.3) per unit of incident
power density (W/cm.2), which is equivalent to the SAR if the

density of all tissues is taken as 1 g/cm.3. For the
10-cm-radius multilayer sphere, delta-S is highest at the

surface, on the axis pointing toward the source, for all
frequencies, and for the 5-cm sphere, the maximum delta-S

occurs within the sphere ("hot spot") but only within the
frequency range from about 400 MHz to 2.76 GHz. These results

are consonant with the general treatment of the homogeneous

sphere in the previous paper, with only minor differences in
internal distributions of delta-S between the two models.

Again the authors indicate that the "hot spot" results for the
5-cm sphere are pertinent to heads of human infants, and they

emphasize that actual temperature rises would be lower than
delta-S values because of heat removal mechanisms not included
in their calcutations. The authors also provide a brief review

.. . ...



) t ! e resul s of other theoreticaL treatments of homogeneous
, i mul t iayered pLane and spherical models of various radii

''I various frequencies.
FINAl_ CRITIQUE: As is true for the previous paper, the results
are significant qualitatively and also quantitatively to the
extent that the muLtiLayer sphere models the structure and
constituents of actual heads. However, because heat removal
mechanisms are not accounted for in these treatments, the
numnericaL resultts are not applicable to in-vivo exposure

i i Ltat i ons.
REFERENCES: Kritikos, H. N. and H. P. Schwan, THE DISTRIBUTION
OF HEATING POTENTIAL INSIDE LOSSY SPHERES, IEEE
Frans. Biomed. Eng., Vol. 22, No. 6, pp. 457-463 (1975)
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ienp.r atJr e r i--ls, which woutd be lower because of heat
i )r nd hP)t convection due to bLood flow.

FINAL CRITIQUE: This is a representative theoretical paper
deaLirq with the important subject of internal regions of
maximum RFR energy absorption ("hot spots") in the head. A
liter paper by these authors (Kritikos and Schwan, 1976)
describes the results for a multilayered spherical model. Such
results are significant quaLitatively, and also quantitatively
to the extent that these models simulate the structures and
irierna const ituents of actual heads. More recent theoretical
treatments of SAR distributions in the isolated and attached
head, based on so-calLed block models, are given by
Rukspollmuang and Chen (1979) and Hagmann et al. (1979),
respectively. However, none of these treatments account for
modifications due to the presence of heat-removal mechanisms,
so the numerical results are not applicable to in-vivo exposure
i t uat 1ions.

REFERENCES: 0018-9480/79/0900-0809, Hagmann, M. J.,
0. P. Gandhi, J. A. D'Andrea, and I. Chatterjee, HEAD
RESONANCE: NUMERICAL SOLUTIONS AND EXPERIMENTAL RESULTS, IEEE
Tr ins. Mi crowave Theory and Tech., Vol. 27, No. 9, pp. 809-813
(1979)
Kritikos, H. N. and H. P. Schwan, FORMATION OF HOT SPOTS IN
MULTILAYER SPHERES, IEEE Trans. Biomed. Eng., Vol. 22,
pp. 168-172 (1976)
0048-6604/79/1112-S009, Rukspollmuang, S. and K.-M. Chen,
HEATING OF SPHERICAL VERSUS REALISTIC MODELS OF HUMAN AND
INFRAHUMAN HEADS BY ELECTROMAGNETIC WAVES, Radio Sci., Vol. 14,
t . 6s, Dp. 51-62 (1979)
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r ve re. , i ere Low compared to the rate in the bony
, tWri. W th the Latter absent, the absorption rate in the
W, .' ab,,ut 43 percent higher. The results at 2450 MHz

ri,.; iL- to that maximum absorrion occurs near the proxima.

','fio, with reLatively LittLe absorption in the brain. The
jiuth. a' Do note that absorption in the eye regions is
,-eL3 t ve'y low, em,.n though the eyes are near the proximal
-rf ice, because of the presence of the surrounding bone
'eqi.n. Qualitatively similar results were obtained at 2450
MHz for 3n aninal head model having half the dimensions cited
above .
FINAL CRITIQUE: The resuLts for the spherical block models are
quaLitativeLy consistent with those obtained for multilayered
sphericaL models, e.g., those of Kritikos and Schwan (1976),
including the dispLacement of the region of maximum energy
3bsorption toward the front surface as the frequency is
increased. However, as impLied by the authors, the utility of
he Lasi c approach is dependent on the use of cube sizes that
jr., t)mnDarab[ e to, or smalLer than, the skin depth. The major
rco-,t ibJt n of thi;, oaper is the use of the bLock approach on
.rDnaz).e>- <iS hoad models having contours and internaL

r . e thit correspond more cLoseLy to actual heads than

.e s. E'oe:ialLy interesting are the results
-ri- "ath. 3absorption rates are significantLy higher

e ; t rR u -tuC Lr s than in the brain and eye regions,
:7M 41!-11 '.i V tie skuLL tends to shieLd the brain and eyes to a
-ons~ icr :o e extent, at Least for the two frequencies studied.
Ex eriment- v er ifi cation of these results would be most
J e f ' i .
REFERENCESq: Kritilkos, H. N., and H. P. Schwan, FORMATION OF
HOT SPOTS IN MULTILAYER SPHERES, IEEE Trans. Biomed. Eng.,
Voi 22 r n. 168-172 (1976)
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